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Introduction

The National Institute of Genetics (NIG) was established in 1949 as the
central institute to study various aspects of genetics. It was reorganized
in 1984 as an inter-university research institute to promote collabora-
tions with researchers at universities. Since 1988, NIG has been partici-
pating in graduate education as the Department of Genetics of the
Graduate University for Advanced Studies (SOKENDAI). NIG also serves
as a center for various genetic resources such as mutant strains, clones
and vectors, and houses DDBJ, the DNA Data Bank of Japan, and a
DNA sequencing center.
The history of NIG overlaps the period of a revolution in the field of
Genetics. Genetics is no longer a discipline to study the rules and
mechanisms of heredity, but has become the basis for all fields of life
science. Molecular techniques now allow us not only to decipher the
entire genome sequence of organisms including humans, but also to
understand the details of higher biological phenomena: cell differentia-
tion, morphogenesis, brain function, and evolution --- the history of life
itself. Currently, 39 research groups are actively performing pioneering
and cutting-edge researches in these fields at NIG.
Recent generation of massive information on biological systems and
their environment calls for new directions in life sciences, such as
bioinformatics, system-level analysis, and theoretical approaches to
extract knowledge from databases. In particular, so-called the next
generation DNA sequencing technology will revolutionize a wide range
of life science. To this end NIG sets up the facilities for the
high-throughput DNA sequencing and massive data analysis, which are
used for collaborations in the research community. NIG has collected
and developed various bioresources (mouse, rice etc.) from wild popula-
tion for long time, which are now excellent targets in the new genome
era to understand the mechanisms and its evolution and diversity of life.
We would appreciate your continuous support and encouragement to
NIG, and welcome your comments and suggestions on our research
activities and endeavors.
Yuiji Kohara, Director-General

INRIfEAR PR Yuji Kohara Director-General
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BE 2EBAFEF(1980-1989) . REMRCH FENFMAMBZEMRE
(1998-1990). EILEEF AR BLIERMF T 5 —B1##%(1989-1996). @
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(2005-) RATARAFFAZHIR(1996-) . HAZMRHERE (2005-)

B BEAD FEYZR ARELFR. HUGO (Human Genome Organiza-
tion)

Research Field: Genome biology and molecular biology

Career: Assistant Professor, Institute of Molecular Biology, Nagoya University
(1980-1989); Visiting Scientist, MRC Laboratory of Molecular Biology, Cambridge, UK
(1988-1990); Associate Professor, DNA Research Center, NIG (1989-1996); Professor,
Structural Biology Center, NIG (1996-1998); Professor and Head, Center for Genetic
Resource Information, NIG (1998-2004); Professor, Department of Genetics, SOKEN-
DAl (1996-); Vice Director, NIG (2002-); Director-General, NIG (2004-).

Memberships: Genetics Society of Japan; Molecular Biology Society of Japan; HUGO
(Human Genome Organization)
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CUTTING-EDGE GENETICS RESEARCH
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As a core institute of Genetics, NIG is acting for

advanced research in the field of Life Sciences.
COLLABORATIO
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This institute enrolls graduate students as the
Department of Genetics, School of Life
Sciences, Graduate University for Advanced

tudies, and also participates in the educatio
of students from other universities.
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NIG performs Bioresources Center, DNA Data

Bank of Japan (DDBJ) and DNA Sequencing
enter, as a core institute to build the
ellectual infrastructure that supports Life

EMBERFICBITDETCEDOP/KMRE L TDIEIHRIATIES
Cutting-edge research at the National Institute of Genetics: a core institute for life sciences
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EN B TCREWEFRE. EHRZOHFICBIFTDERMAELTES VAT LADEBXAZX NIG is a core institute for advanced research in the field of Life Sciences working to unlock
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the mysteries of biological systems and their individual mechanisms. Biological systems are
characterized by hierarchical structure of genetic information and various biological materi-
als. Therefore, to explore from genes and genomes to biological systems, we perform
cutting edge research using rice, Arabidopsis, mice, zebrafish, fruit flies, nematode, E. coli
and other model organisms, and various databases, with keywords such as
“chromosome/cell”, “epigenetics”, “development/differentiation”, "reproduction”, “behavior”,
“neuroscience”, “genomics and bioinformatics”, and “evolution and diversity”.
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Activities to build the intellectual infrastructure that supports life sciences
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NIG serves as a center for developing, collecting, and
distributing biological resources of various strains of
experimental organisms for academic research. NIG also
plays an important role as a central institute for the
National BioResource Project and functions as its
information center to promote development of biological
resource databases in collaboration with universities and
other organizations.

DDBJIE.RRMNDEBI/EMBL-Bank. B KU KED
NCBI/GenBank&3BHET. [ERIEEEREST—5X—
A(INSD) | Z & - EEmLTWVd. INSD F—5(&.
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Together with Europe’s EBI/EMBL and the U.S.’s
NCBI/GenBank, the DDBJ makes up and administers
the International Nucleotide Sequence Database (INSD).
INSD data can be viewed, downloaded, manipulated,
and redistributed regardless of intended applications or
national boundaries. The INSD data is a shared resource
for all peoples.

LHEEYDEYT/ LR CIEERRADRRE /D/)\D
ZRD. INETIC) 29KE8 (K2 Fi5Rrm) 577 )L—T&
DHEHBICKD) 44EYED Y/ ©AOELFREfZTOCE
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NIG is top in the nation for technical knowhow and
successat complete sequencing of multicellular organ-
ism genomes. NIG has conducted analyses of genes
and genomes of 44 species in collaboration with 29
organizations (universities and research groups. NIG is a
key producer of genomic information for academia and
science.
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Department of Molecular Genetics

Molecular genetic studies of gene expression and its control are being carried out,
currently focusing on chromosomal structure and function and maintenance of its
integrity.

Department of Cell Genetics

Fundamental genetic phenomena are being studied in living cells and in cell-free
systems to explain the phenomena observed at the cellular level in molecular terms.

Department of Developmental Genetics

We study roles of genes and cells during various biological phenomena of animals
including development and behavior by using model organisms, hydra, Drosophila,
zebrafish and mouse.

Department of Population Genetics

We are conducting experimental and theoretical studies on the history and
mechanisms of organismal evolution from the gene and genome level to the popula-
tion level using various organisms, such as human, Drosophila and mouse.

Department of Integrated Genetics

By integrating various approaches in genetics, we study systems medicine on
complex human traits, neural network formation of vertebrates, and epigenetic
controls of plants.

Genetic Strains Research Center
This center develops valuable genetic strains of mice, Drosophila, rice, Escherichia coli,
etc., and supplies them to researchers in and outside Japan. Each laboratory explores
gene function in organisms using these strains.

Center for Genetic Resource Information

The mission of this center is 1) to coordinate and reinforce the genetic resource
repositories in Japan through the activity of the Genetic Resource Committee and 2)
to construct the central database for genetic resource information. Large scale
genomics is also performed.

Structural Biology Center

This center was founded to perform the pioneering researches in the new area
between genetics and structural biology, and to develop new methods and
techniques for the area.

Center for Information Biology and DNA Data Bank of Japan

The center consists of five laboratories where researchers conduct research on
genetic information by an extensive use of computers. The DNA Data Bank of Japan
(DDBJ) is also housed in the center, which is working in collaboration with EBI/EMBL
and NCBI/GenBank.

Center for Advanced Genomics

This Center is planned to conduct most advanced genomic researches and to
provide resources based on new-generation sequencing pipeline to the community.

Center for Frontier Research

The Center for Frontier Research provides promising young scientists with indepen-
dent positions and an opportunity of developing new frontiers in genetics and
related research fields. The Center thereby brings up scientists who will play crucial
roles in academic fields in the future.

Radioisotope Center

The Radioisotope Center has facilities for biochemical experiments using radioac-
tive tracers. Irradiation treatment of '37Cs is also available.

Experimental Farm

The farm is responsible for plant resource generation, management, distribution
and related studies to support research and service in the NIG.

BRI Y 7/NIGMap 7
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Figure - Chromosome morphology and «-tubulin staining (green) in control (CENP-W ON or
CENP-T ON), CENP-W- (CENP-W OFF) and CENP-T (CENP-T OFF)-deficient DT40 cells. Chro-
mosome was counterstained with DAPI (Blue). Control cells show the normal staining pattern for
a-tubulin (upper two panels). Mis-aligned hypercondensed chromosomes at the metaphase plate
were detected in CENP-W- and CENP-T-deficient cells.

Structure and function of chromosomes
in higher vertebrate cells

The centromere plays a fundamental role in accurate chromosome seg-
regation during mitosis and meiosis in eukaryotes. Its functions include sister
chromatid adhesion and separation, microtubule attachment, chromosome
movement, mitotic checkpoint control, and formation of heterochromatin.
Although chromosome segregation errors cause genetic diseases including
some cancers, the mechanism by which centromeres interact with microtu-
bules of the spindle apparatus during cell division is not fully understood. To
understand the molecular mechanism of chromosome segregation, we are
currently studying on kinetochore assembly mechanism, spindle checkpoint
function, and formation mechanism of heterochromatin structure near cen-
tromere. We are using molecular genetics, cell biology, biochemistry, struc-
tural biology, and genome biology to analyze kinetochore structure and
function.

We are also interested in various mechanism of chromosome segrega-
tion during development of organisms. To understand the mechanism of
chromosome segregation in the organismsal context, we are using mice
genetics approach.

Shang, W.H., Hori, T., Toyoda, A., Kato, J., Popendorf, K., Sakakibara,
Y., Fujiyama, A., and Fukagawa, T. (2010). Chickens possess centrom-
eres with both extended tandem repeats and short non-tandem-
repetitive sequences. Genome Res. 20, 1219-1228.

Ohta, S., Bukowski-Wills, J.C., Sanchez-Pulido, L., Alves Fde, L.,
Wood, L., Chen, Z.A., Platani, M., Fischer, L., Hudson, D.F., Ponting,
C.P., Fukagawa, T., Earnshaw, W.C., and Rappsilber, J. (2010). The
protein composition of mitotic chromosomes determined using multi-
classifier combinatorial proteomics. Cell 742, 810-821.

Amano, M., Suzuki, A., Hori, T., Backer, C., Okawa, K., Cheeseman,
.M., and Fukagawa, T. (2009). The CENP-S complex is essential for
the stable assembly of outer kinetochore structure. J. Cell Biol. 186,
173-182.

Hori, T., Amano, M., Suzuki, A., Backer, C., Welburn, J.P., Dong, Y.,
McEwen, B.F.,, Shang, W.H., Suzuki, E., Okawa, K., Cheeseman, .M.,
and Fukagawa, T. (2008). CCAN makes multiple contacts with centro-
meric DNA to provide distinct pathways to the outer kinetochore. Cell
135, 1039-1052.

Hori, T., Okada, M., Maenaka, K., and Fukagawa, T. (2008). CENP-O-
class proteins form a stable complex and are required for proper kine-
tochore function. Mol. Biol. Cell 79, 843-854.

Okada, M., Cheeseman, .M., Hori, T., Okawa, K., McLeod, I.X., Yates
lll, J.R., Desai, A., and Fukagawa, T. (2006). The CENP-H-I complex is
required for the efficient incorporation of newly synthesized CENP-A
into centromeres. Nature Cell Biol. 8, 446-457.
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Figure - Fission yeast Mcl1 protein, essential for maintenance of heterochromatin and organiza-
tion of core centromere, is expressed in cell cycle-dependent manner and localized at replication
machinery.

Post-translational modifications and its roles
in the integrated chromosomal functions.

The ubiquitin system, post-translationally linking ubiquitin to a vast range of
proteins, contributes to a selective proteolysis in eukaryotic cells. Ubiquitin,
however, together with other post-translational modification systems, has
been expected to play roles other than protein degradation. On the other
hand, the chromosomal functions like replication, separation, damage repair,
recombination and epigenetic controls and so on, have been revealed owing
to the post-translational modification systems. Based on our past achieve-
ments in ubiquitin research, we pursue the roles of post-translational modifi-
cations, especially by ubiquitin system, in the maintenance of chromosomal
integrity, creating new paradigm in the both fields. For this, using fission
yeast, we are carrying the following programs.
1) Identification of ubiquitin pathways specific for dynamics of key proteins
for cell cycle control.
2) Search and understanding the role of ubiquitin system in the repair of
damaged DNA.
3) Modifications and dynamics of proteins involved in recombination and
repair of chromosomes.

Natsume, T., Tsutsui, Y., Sutani, T., Dunleavy, E. M., Pidoux, A. L., lwa-
saki, H., Shirahige, K., Allshire, R. C., and Yamao, F. (2008). A DNA
Polymerase a Accessory Protein, Mcl1, Is Requiredfor Propagation of
Centromere Structures in FissionYeast. Plos One 3 (5) e2221-

Akamatsu, Y., Tsutsui, Y., Morishita, T., Shahjahan, M.D., Siddique, P.,
Kurokawa, Y., Ikeguchi, M., Yamao, F., Arcangioli, B., and Iwasaki, H.
(2007). Fission Yeast Swi5/Sfr1 and Rhp55/Rhp57 Deferentially Regu-
late Rhp51-dependent Recombination outcomes. The EMBO J 26,
1352 - 1362.

Tsutsui, Y., Morishita, T., Natsume, T., Yamashita, K., lwasaki, H.,
Yamao, F., and H, Shinagawa. (2005). Genetic and Physical Interac-
tions between Schizosaccharomyces pombe Mcl1 and Rad2, Dna2
and DNA polymerase a: Evidence for a Multifunctional Role of Mcl1 in
DNA Replication and Repair. Curr. Genet 48, 34-43.

Kotani, T., Nagai, D., Asahi, K., Suzuki, H., Yamao, F., Kataoka, N., and
Yagura, T. (2005). Antibacterial Properties of Some cyclic Organobis-
muth (lll) Compounds. Antimicrob. Agents Chemother 49, 2729-2734.
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Figure - Mutant strains of two ubiquitin-conjugating enzymes exhibit similar abnormality in mitotic
transition. (Arrows indicate the typical cells exhibiting abnormal mitosis.)

Regulatory mechanisms of cell cycle by
ubiquitin system

Functions of many proteins are regulated by synthesis, post-translational
modification and proteolysis. Ubiquitin/proteasome system is one of impor-
tant systems for proteolysis. Recently it is found that ubiquitin/proteasome
system was involved in many biological phenomena. | study the relationship
between ubiquitin system and cellular mechanisms, especially cell cycle
using fission yeast. Now | am focusing to two ubiquitin-conjugating enzymes
that are essential for mitotic transition and studying ubiquitin system involved
in mitotic transition.

The projects that we are carrying are below.

1) Analysis of the regulation mechanisms of cell cycle by ubiquitin system
using fission yeast

2) Establishment of the methods for comprehensive elucidation of networks
of ubiquitin system

Seino, H., Kishi, T., Nishitani, H., and Yamao, F. (2003) Two ubiquitin-
conjugating enzymes, UbcP1/Ubc4 and UbcP4/Ubc11, have distinct
functions for ubiquitination of mitotic cyclin.Mol. Cell. Biol.23,3497-
3505.
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Studies of mitotic chromosome structure and function

We study three questions: What are the structural proteins of the mitotic
chromosome and kinetochore? How does chromatin provide an epigenetic
landscape permissive for kinetochore assembly? How does the
chromosomal passenger complex (CPC) regulate mitosis? In collaboration
with Juri Rappsilber we used a novel approach combining proteomics,
microarray and bioinformatic analyses to group known and unknown
chromosomal proteins into functional clusters. We correctly predicted the
functions of two novel chromosomal proteins and predicted based on an
unbiased machine-learning analysis that nearly 100 novel kinetochore
proteins remain to be cloned. Epigenetic engineering of the kinetochore
chromatin environment in a synthetic human artificial chromosome (HAC)
revealed that the histone modification H3K4me2 is essential for kinetochore
maintenance. H3K4me2 probably provides a chromatin ‘memory” promoting
low-level transcription of the kinetochore. Lastly, genetic studies of the CPC
revealed that INCENP can act as a rheostat to control the levels of Aurora B
kinase activity and that increasing levels of this activity are required during
mitotic progression.
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Figure - Left: Random Forest (RF) machine learning analysis separates training sets of chromo-
somal (red) from non-chromosomal (green) proteins. Right: Fifty unknown proteins run through the
RF analysis were cloned and tagged with GFP. This analysis has an >90% ability to separate
chromosomal from non-chromosomal proteins as shown in the pie charts (Lower). Random forest
analysis performed by Jimi-Carlo Bukowski-Wills in the Rappsilber lab.
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Physics of large-scale DNA organization

Research Description

The processes by which chromosomes are read, repaired, duplicated and
segregated in cells involve large-scale physical reorganizations that can only
be fully understood in terms of driving forces and mechanical responses.
Our group is focused on the use of nanometer-scale position and piconew-
ton-scale force measurements to analyze the interactions of proteins with
DNA and to study large-scale chromosome folding. We use single-molecule
“magnetic tweezers” techniques to analyze folding and processing of indi-
vidual DNA molecules by proteins via studies of response of protein-DNA
complexes to forces and supercoiling, and we also isolate individual chro-
mosomes using cell microsurgery for micromechanical experiments. Main
directions for our research include studies of large-scale chromosome struc-
ture, functions of SMC protein complex, dynamics of nucleosomes in chro-
matin, mechanisms of topoisomerases and recombinases, and kinetic path-
ways for protein binding, unbinding, and target search on DNA.

X — &b bR EADMMIRIE.Sun et al, Phys. Biol. (2011).45:485kb D> A
%' DNA D FICIEE UTSHIEDRBHERE T d gfp-Fis ZHSHIF C505k> T D,
Graham et al, Nucl. Acids Res. (2011).

Figure - Left: Micromanipulation of human metaphase chromosome. Sun et al, Phys. Biol. (2011).
Right: 48.5 kb -DNA molecule bound by gfp-Fis, a bacterial chromosome protein, pulled by mag-
netic particle. Graham et al, Nucl. Acids Res. (2011).

Website: http://markolab.bmbcb.northwestern.edu/marko/

Photo: enclosed as separate file
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Figure - The Moment of Rejuvenation

The budding yeast divides asymmetrically. The daughter cell (left, smaller) rejuvenates and immor-
talizes. While, the mother cell (right, bigger) ages by cell division. The circles on the mother are
scars that are traces of budding.

Molecular Biology of Rejuvenation

Organisms are alternating generations and maintaining their species.
During the life cycle, though most of cells age to die, germ and stem line
cells are kinds of “immortal” cells, and maintain species and individuals. We
study how those cells “rejuvenate” and keep the integrity of genome.

Genome is the most important information on the earth that determines
the design of life. In contrast, DNA that carries genomic information is sensi-
tive to ultra violet and chemicals. In addition, due to its filamentous structure,
DNA is subject to physical shearing.

In eukaryotic cells, the genomic DNA has several “fragile” sites that are
especially unstable. The ribosomal RNA gene repeat (rDNA) is the biggest
one. The repeat occupies ~10% of yeast genome. Recently, we identified
that the repeat is intensively repaired and recovered the capability of cell divi-
sion in immortal cells.

Research themes
1, Mechanisms to maintain the genome stability
2, The relationship between genome stability, cellular aging and tumorigenesis

Ide, S., Miyazaki, T., Maki, H., and Kobayashi, T. (2010). Abundance of
ribosomal RNA gene copies maintains genome integrity. Science 327,
693-696.

Ganley, A.R.D,, Ide, S., Saka, K., and Kobayashi, T. (2009). The effect
of replication iniriation on gene amplification in the rDNA and its rela-
tionship to aging. Mol. Cell 35, 683-693.

lida, T., Nakayama, J., and Moazed, D. (2008). siRNA-mediated het-
erochromatin establishment requires HP1 and is associated with anti-
sense transcription. Mol. Cell 31, 178-189.

Ganley, A.R.D., and Kobayashi, T. (2007). Highly efficient concerted
evolution in the ribosomal DNA repeats: Total rDNA repeat variation
revealed by whole-genome shotgun sequence data. Genome Res 17,
184-191.

Kobayashi, T., and Ganley, A. R. D. (2005). Recombination regulation
by transcription-induced cohesin dissociation in rDNA repeats. Sci-
ence 309, 1581-1584.

Ganley, A.R.D., Hayashi, K., Horiuchi, T., and Kobayashi, T. (2005).
Identifying gene-independent noncoding functional elements in the
yeast ribosomal DNA by phylogenetic footprinting. Proc. Natl. Acad.
Sci. USA 102, 11787-11792.
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Figure - Initiation of DNA replication. When CDK is activated from G1/S boundary, SId2 and SId3

are phosphorylated and bind to Dpb11. These interactions promote assembly of replication pro-
teins including DNA polymerases to origins and then DNA replication starts.

Molecular mechanism of eukaryotic DNA

replication in the cell cycle

Chromosome DNA is replicated accurately in accordance with the cell
cycle and segregated to daughter cells. This process ensures cells to
transmit accurate genomic information to their progeny. However, molecu-
lar mechanism of DNA replication and its regulation in eukaryotic cell cycle
have not been well elucidated. To approach this subject, we have isolated
novel replication factors of budding yeast and analyzed their functions.

Eukaryotic chromosome is replicated exactly once in the S-phase of
the cell cycle. Cyclin-dependent kinase (CDK), a key cell cycle engine,
inhibits re-replication as well as promotes the initiation step of DNA replica-
tion. We have revealed that CDK promotes DNA replication through the
phosphorylation-dependent interaction between replication proteins; Sld2
and SId3 proteins are phosphorylated by CDK and then bind to Dpb11.
Thus, if we bypass this interaction, DNA replicates without CDK activity.

However, it is not elucidated how the interaction between these pro-
teins promotes DNA replication. Therefore, we have been studying molec-
ular mechanism of the initiation step in chromosomal DNA replication,
which requires CDK activity.

Muramatsu, S., Hirai, K., Tak, Y-S., Kamimura, Y., and Araki, H. (2010).
CDK-dependent complex formation between replication proteins, Dpb11,
Sld2, Pole and GINS in budding yeast. Genes & Dev. 24, 602-612.

Tanaka, S., and Araki, H. (2010) Regulation of the initiation step of DNA
replication by cyclin-dependent kinases. Chromosoma 119, 565-574.

Suzuki, Y., Higuchi, Y., Hizume, K., Yokokawa, M., Yoshimura, S.H.,
Yoshikawa, K., and Takeyasu, K. (2010). Molecular dynamics of DNA
and nucleosomes in solution studied by fast-scanning atomic force
microscopy. Ultramicroscopy 770, 682-688.

Tanaka, S., Umemori, T., Hirai, K., Muramatsu, S., Kamimura, Y., and
Araki, H. (2007). CDK-dependent phosphorylation of Sld2 and SId3
initiates DNA replication in budding yeast. Nature 445, 328-332.

Tak, Y-S., Tanaka, Y., Endo, S., Kamimura, Y., and Araki, H. (2006). A
CDK-catalysed regulatory phosphorylation for formation of the DNA
replication complex Sld2-Dpb11. EMBO J. 25, 1987-1996.

Walter, J. C., and Araki, H. (20086). Activation of pre-replication com-
plexes. In DNA Replication and Human Disease, M. L. DePamphilis, ed.
(New York, USA: Cold Spring Harbor Laboratory Press), pp. 89-104,.
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Dynamics of Bacterial Chromosome

The way bacteria compact their chromosome remains elusive even though a
number of factors involved in DNA condensation have been identified. Using
genetics and fluorescence microscopy, we demonstrated the existence of
Macrodomains; large regions of about 1 Mb, and showed that DNA dynam-
ics correlates the macrodomain topography of the chromosome. We identi-
fied the factor MatP that, by interacting with a repeated motif, organizes one
of the macrodomain. Proper conformation and organization of macrodo-
mains are important for chromosome management as inactivation of the
structuring factor is highly detrimental. The main goal of our project is to
characterize the molecular mechanisms used to structure macrodomains
and to identify the role they play in chromosome management. To achieve
this goal, three aspects are studied: i) MatP Structuring of the Ter MD, ii)
Structuring processes of other MDs, iii) role of Macrodomains in chromo-
some management.

chromasome chromosome

conformation

Macrodomain
structuring
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Figure - Conformation and dynamics of the bacterial chromosome
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Systems Biology of "Time"

One of the major challenges in current biology is system-level understanding
of dynamic and complex biological phenomena. The laboratory for systems
biology has specific aims at development of the systems-biological technol-
ogies to dissect dynamic and complex biological systems, that covering
atomic-level to molecular-level, cellular/tissue-level and organism-level, and
their application for system-level understanding of the dynamic and complex
organism-level biological processes such as mammalian circadian rhythm
and early embryogenesis.
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Figure - The transcription network of a mammalian circadian clock
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Figure - (A) An isolated neuron in culture. The axon is subdivided into two compartments. (B) A
normal ovary and a mutant ovariole lacking germiine stem cells. (C) The surface structure of the
compound eye and its computer simulation.

Developmental genetics of
organogenesis

Construction of an organ requires a number of cellular events, such as prolif-

eration, regional specification, and cell shape change. We are analyzing how

the genomic information orchestrates these events, to discover new princi-
ples of organogenesis.

1. Cell-cell communication in the nervous system is achieved by long cellular
processes --- the axon. We discovered that axons are subdivided into
distal and proximal compartments, each containing distinct membrane
proteins (Figure A). We are studying how such compartmentalization con-
tributes to neural network formation.

2. Organ maintenance depends on “stem cells”, a specialized cell type that
supplies differentiating cells throughout animal life. We study how stem
cells are established during gonadogenesis of the Drosophila ovary (Fig-
ure B).

3. During organogenesis individual cells are continuously exposed to physical
forces of intrinsic and extrinsic origin (Figure C). We study how such
forces affect and contribute to animal development.

Katsuki, T., Ailani, D., Hiramoto, M., and Hiromi, Y. (2009). Intra-axonal
patterning: intrinsic compartmentalization of the axonal membrane in
Drosophila neurons. Neuron 64, 188-199.

Williams, D.W., Kondo, S., Krzyzanowska, A., Hiromi, Y., and Truman,
J.W. (2006). Local caspase activity directs engulfment of dendrites
during pruning. Nature Neuroscience 9, 1234-1236.

Hiramoto, M., and Hiromi, Y. (2006). ROBO directs axon crossing of
segmental boundaries by suppressing responsiveness to relocalized
Netrin. Nature Neuroscience 9, 58-66.

Kanai, M.I., Okabe, M., and Hiromi, Y. (2005). seven-up controls
switching of transcription factors that specify temporal identities of
Drosophila neuroblasts. Developmental Cell 8, 203-213.

Asaoka, M., and Lin, H. (2004). Germline stem cells in the Drosophila
ovary descend from pole cells in the anterior region of the embryonic
gonad. Development 737, 5079-5089.

Hayashi, T., and Carthew, R.W. (2004). Surface mechanics mediate
pattern formation in the developing retina. Nature 437, 647-52.

BSARfERAE, B2 (2008) MHREBRTZAICH(T B 481 - HAEARE - SR A 1 &
D RAZBRITTHBRABEE T 500 ? EHEKEER 53, 537-543.

JEMERE (2008) 3P aUNIICEIT B LB v F & ZDOFMRHE
. MR % 27, 653-658.

HMEE (2009) 3P aUNTRMROTEREBIREZEH T D0 F AN
ZXAEFOHBET IV £WMWER 49, 290-291.
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Figure - Esophageal reflex movement during 10-30 min. after feeding. The tissue was con-
structed by excising donut ring of upper body column tissue from many polyps and grafting them
in tandem like chain of beads. By this grafting, an animal that functions like esophagus can be
made. [f the grafting is performed by using lower body column tissue, intestinal tissue like tube
that has high capacity of peristaltic reflex can be made. These observations demonstrate that
regional specification of the digestive tract which is thought to be specific to relatively higher
metazoans is present already in Hydrozoa of phylum cnidaria.

Genetic analysis of circulatory and digestive mecha-

nisms in Hydra: creation of evolutionary physiology

How multicellular organisms obtained and developed various physiological
functions is a very important and interesting problem in metazoan evolution.
However, available information about the issue is very much limited because
practical area of research of physiology is restricted to mammals because of
its potential applicability to medical science. Our group has been involved in
studying the mechanism of physiology of hydra. The research has yielded
findings that digestive and circulatory functions of hydra involve movements
such as peristalsis and pumping movements implying that these movements
were invented in the very early stage of metazoan evolution (Shimizu et al.,
2008; Shimizu et al., 2004). Also, it was found that the neural regulation of
digestive and circulatory functions share basic characteristic features with
the autonomic nervous system of mammals (Shimizu & Okabe, 2007).
Recent research development has revealed that regional specification of the
digestive tract that is a noticeable feature of higher organisms is observed in
hydra, and that its genetic background is different from other organisms
involving CnOtx, an orthologue of Otx in hydra. This is in sharp contrast with
mammalian digestive tract where Hox orthologues play a major role. The
mechanism of the regional specification is being investigated.

Shimizu, H., and Namikawa, H. (2009). The body plan of the cnidarian
medusa: distinct differences in positional origins of polyp tentacles and
medusa tentacles. Evol Dev. 17, 619-621.

Ak AR ¥ (2009) oSTODEEREE(E RE 3RS 398-404.
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Shimizu, H. (2008). Overturning the prejudices about hydra and meta-
zoan evolution. In “Evolutionary biology: from concepts to applications”
Springer.

Shimizu, H., Aufschnaiter, R., Li, L., Sarras, M.P. Jr, Borza, D.B., Abra-
hamson, D.R., Sado, Y., and Zhang, X. (2008). The extracellular matrix
of hydra is a porous sheet and contains type IV collagen. Zoology
111, 410-418.

Shimizu, H., Takaku, Y., Zhang, X. and Fujisawa, T. (2007). The aboral
pore of hydra: evidence that the digestive tract of hydra is a tube not
a sac. Dev. Genes Evol. 277, 563-568.

Shimizu, H., and Okabe, M. (2007). Evolutionary origin of autonomic
regulation of physiological activities in vertebrate phyla. J Comp.

Physiol. A 793, 1013-1019.
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Figure— (A) Barrels are visible in the whisker pad (wp) representation area of the somatosensory
cortex (blue line). A CO-stained tangential section of the cerebral cortex layer 4. Lower jaw (lj),

forepaw (fp) and hind paw (hp) representation areas are shown. (B) Cre-mediated cortex-specific
gene manipulation. (C) A hopping gait of & -chimerin mutant ( miffy ) mouse.

Neuronal circuit development in the

mouse brain

To understand development of complex yet sophisticated neuronal circuits
underlying higher brain function of mammals, integrative studies which cover
from molecules to whole animals are indispensable. By taking advantage of
mouse genetic technologies and resources which have been tremendously
improved in the past decades, we will study mechanisms of development
and function of mammalian neuronal circuits. Specific Aims:

1. In the somatosensory system of the mouse, formation and refinement of
neuronal circuits which connect the peripheral sensory organ and cortex
can be detected morphologically as "barrel" patterning. We have been
studying molecular mechanisms of barrel patterning as a model of activ-
ity-dependent circuit maturation, by developing and using mouse genetic
methods.

2. In a wide range of neuronal circuit development, signaling from cell surface
receptors to actin cytoskeleton plays important roles. However, these
mechanisms are poorly understood. We recently identified «-chimerin as
an unexpected key signaling molecule in axon guidance of motor-circuits.
We will study roles of a-chimerin in various aspects of neuronal circuit
development such as axon guidance, synapse formation and activity-
dependent circuit refinement.

Iwasato, T., Inan, M., Kanki, H., Erzurumlu, R.S., ltohara, S., and Crair,
M.C. (2008). Cortical adenylyl cyclase 1 is required for thalamocortical
synapse maturation and aspects of layer IV barrel development. J.
Neurosci. 28, 5931-43.

lwasato, T., Katoh, H., Nishimaru, H., Ishikawa, Y., Inoue, H., Saito,
Y.M., Ando, R., Iwama, M., Takahashi, R., Negishi, M., and Itohara, S.
(2007). Rac-GAP -chimerin regulates motor-circuit formation as a key
mediator of ephrinB3/EphA4 forward signaling. Cell 130, 742-753.

Iwasato, T., Datwani, A., Wolf, A.M., Nishiyama, H., Taguchi, Y., Tone-
gawa, S., Knopfel, T., Erzurumlu, R.S., and Itohara, S. (2000). Cortex-
restricted disruption of NMDAR1 impairs neuronal patterns in the barrel
cortex. Nature 406, 726-731.

Erzurumlu, R.S., and Iwasato, T. (2006). Patterning of the somatosen-
sory maps with NMDA receptors. In Development and plasticity in
sensory thalamus and cortex. Erzurumlu, R.S., Guido, W. and Molner
Z. ed. New York, Spinger. 158-182.
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TRV E NS A —. £HOFE #E 63, 79-85.
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BREZ (18715)24, 60-67.
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Figure - GFP expression in specific cells, tissues and organs by gene trapping and enhancer

trapping. (upper, left) skeleton, (upper, right) cells on the skin, (lower, left) blood vessels, (lower,
right) sensory neurons.

The genetic basis of development
and behaviors in zebrafish

Zebrafish is an excellent model vertebrate because of high fecundity, rapid
embryonic development, transparency at the embryonic stages and inex-
pensive and easy breeding procedures. However, there had not been an
efficient transgenesis method and a transposon technology. We identified an
autonomous member from the medaka fish Tol2 transposable element, and
developed a highly efficient transgenesis method for the first time in
zebrafish. Further, we successfully developed the gene trap and enhancer
trap methods and the Gal4-UAS method. By using these methods, we cre-
ated a large number of transgenic fish that express the GFP reporter gene
or the yeast Gal4 transcription activator in specific cells, tissues and organs.
These transgenic fish are valuable resources for studies of developmental
biology and neuroscience. We have applied these methods to the study of
neuroscience. By using transgenic fish that express Gal4 in specific neural
circuits and the Gal4-UAS system, we visualize structures of specific neural
circuits, inhibit their functions and detect their activities by calcium imaging.
Thus, studies that aim to understand molecular and cellular mechanisms
underlying complex behaviors of a vertebrate are currently ongoing in our
laboratory.

Kawakami, K. et al.
zTrap: zebrafish gene trap and enhancer trap database.
BMC Developmental Biology 10, 105 (2010).

Asakawa, K., and Kawakami, K.
A transgenic zebrafish for monitoring in vivo microtubule structures
Developmental Dynamics 239, 2695-2699 (2010).

Agetsuma, M. et al.

The habenula is crucial for experience-dependent modification of fear
responses in zebrafish.

Nature Neuroscience 13, 1354-1356 (2010).

Suster, M. L., Sumiyama, K., and Kawakami, K.
Transposon-mediated BAC transgenesis in zebrafish and mice.
BMC Genomics. 10, 477 (2009).

Koide, T., et al.

Olfactory neural circuitry for attraction to amino acids revealed by
transposon-mediated gene trap approach in zebrafish.

Proc. Natl. Acad. Sci. USA 106, 9884-9889 (2009).

Urasaki, A., Asakawa, K., and Kawakami, K.

Efficient transposition of the Tol2 transposable element from a single-
copy donor in zebrafish

Proc. Natl. Acad. Sci. USA 105, 19827-19832 (2008).

Asakawa, K. et al.

Genetic dissection of neural circuits by Tol2 transposon-mediated
Gal4 gene and enhancer trapping in zebrafish.

Proc. Natl. Acad. Sci. USA 105, 1255-1260 (2008).

Nagayoshi, S. et al.

Insertional mutagenesis by the To/2 transposon-mediated enhancer
trap approach generated mutations in two developmental genes: tcf7
and synembryn-like.

Development 135, 159-169 (2008).

Kawakami, K.
Tol2: a versatile gene transfer vector in vertebrates.
Genome Biology 8, Suppl 1:S7 (2007).
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Genetic causes of the evolution of morphology and behavior

Our goal is to identify the genes and, ultimately, the individual nucleotides
that have generated diversity of form and behavior. Much of our work is
focused on a group of closely related species in the Drosophila melano-
gaster species group. These species display enormous morphological,
physiological, behavioral, and ecological diversity. We are developing a set of
genomics and genetics tools to accelerate molecular analysis of phenotypic
evolution in this group of species.

Our work on the evolution of form has focused on the cis-regulatory
changes that led to morphological evolution between closely related species
of Drosophila. We have discovered that these morphological changes arose
by the accumulation of multiple cis-regulatory mutations of very small effect
that have accumulated in many independent enhancers. We are now work-
ing to identify the transcription factors that bind to these evolving cis-regula-
tory enhancers.

— 239y a39/\IDshavenbaby BILF DY ARBEH I )\ U —(F ERBEHRR) =
21T DHIBDO—EBDIIE(X Y T2 Y) COHLEZFET 5. DI\ F— EBIE oD
N OIED T2\ —VZFEIT DLV )\ VY —BIFET Do

Figure - One of the cis-regulatory enhancers of the shavenbaby gene drives gene expression in

the Drosophila embryo in a subset of the cells (magenta) that differentiate trichomes (green). Other
shavenbaby enhancers drive expression in partially overlapping and complementary patterns.

SternfzREDR—/X—3 | http://www.princeton.edu/~dstern/
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Controls of germline stem cells and their niche

My lab investigates two basic problems of animal development. First, how
are stem cells maintained within their niche and then controlled to switch
from a stem cell state to a differentiated state? Our work in this broad area
focuses on controls of germiine stem cells and their decision to enter meio-
sis and differentiate as sperm or oocyte. Second, how is an asymmetric cell
division controlled to generate daughters that are distinct with respect to
both size and fate? Our work in this second area focuses on a sexually
dimorphic asymmetric cell division that generates regulatory somatic cells
that form the niche for germline stem cells in both sexes. We use the nema-
tode C. elegans to investigate these fundamental problems. Our studies
began with genetics and cell biology, but now extend into biochemistry and
systems biology. We have delineated a molecular network that controls the
decision between germline self-renewal and differentiation, and discovered
insights into the Wnt pathway and its control of both asymmetric cell divi-
sions and niche specification.

soll-renowal
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Figure - Top, Distal Tip Cell (green) niche governs germline self-renewal by Notch signaling. Blue, nuclei;
red, Notch receptor. Bottom, network controls decision between germline self-renewal or differentiation.
Red, regulators of self-renewal; blue, regulators for meiotic entry; black, regulators of sperm fate.
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Figure - Skeletal images of living human individuals using CT. From Saitou et al. (2011).

Evolution of organisms at
genetic/genomic level

We study evolution of organisms at the genetic and genomic levels through
computer analyses and wet experiments. We are particularly interested in pri-
mate and mammalian evolution toward human. Themes of our study are:

® Analysis of genome evolution: Lineage-specific evolutionary changes are
studied at different levels of organism groups, such as vertebrates, mam-
mals, primates, and human.

® Genome exavating anthropology: We obtain morphological phenotypes of
living humans thorough X-ray CT and NMR and will elucidate their
genomic bases.

@ DNA analysis of human populations: We are studying evolutionary history
of modern humans, in particular, Asian populations, using various poly-
morphic DNA markers for modern as well as ancient populations.

@ Development of nucleotide sequence analysis system: We developed new
system MISHIMA which can multiply align many bacrterial genome-size
sequences.

® Evolution of developmental regulation: We are studying cis- control ele-
ments of the developmental genes by sequence analysis and gene trans-
fer experiments of large scale genomic clones.

® Other themes: blood group gene evolution, duplicated gene evolution, and
analysis of introgression between closely related species.

Saitou, N., Kimura, R., Fukase, H., Yogi, A., Murayama, S., and Ishida,
H. (2011). Advanced CT images reveal nonmetric cranial variations in
living humans. Anthropological Science (in press).

Matsunami, M., Sumiyama, K., and Saitou, N. (2010). Evolution of con-
served non-coding sequences within the vertebrate Hox clusters
through the two-round whole genome duplications revealed by phylo-
genetic footprinting analysis. J. Mol. Evol. 771, 427-436.

Oota, S., Kawamura, K., Kawai, Y., and Saitou, N. (2010). A new
framework for studying the isochore evolution: estimation of the equi-
librium GC content based on the temporal mutation rate model.
Genome Biol. Evol. 2, 558-571.

Ezawa, K., Ikeo, K., Gojobori, T., and Saitou, N. (2010). Evolutionary
Pattern of Gene Homogenization between Primate-Specific paralogs
after human and macaque speciation using the 4-2-4 method. Mol.
Biol. Evol. 27, 2152-2171.

Kryukov, K. and Saitou, N. (2010). MISHIMA - a new method for high
speed multiple alignment of nucleotide sequences of bacterial genome
scale data. BMC Bioinformatics 77, 142.

Sumiyama, K., Kawakami, K., and Yagita, K. (2010). A simple and
highly efficient transgenesis method in mice with the Tol2 transposon
system and cytoplasmic microinjection. Genomics 95, 306-311.

Kitano, T., Satou, M., and Saitou, N. (2010) Evolution of two Rh blood
group-related genes of the amphioxus species Branchiostoma flori-
dae. Genes and Genetic Systems 85, 121-127.

Takahashi, M., Krukov, K., and Saitou, N. (2009) Estimation of bacterial

species phylogeny through oligonucleotide frequency distances.
Genomics 93, 525-533.

R (2011) ¥ —D 4 AP, BEHF (Book written in Japanese)
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Figure - Changing the number of bicoid gene copies causes the shifts of the cephalic furrow (CF).
Nevertheless, adults appear to be mostly normal, indicating a repair system for this fate-map shifts.
Average CF positions are given in percent egg length (anterior = 100% EL, left; posterior = 0% EL,
right).

Principles of genetic variation
and evolution

In the framework of population genetics, understanding origin and mainte-
nance mechanism of genetic diversity is central to our research; specifically,
we are interested in development of reproductive isolation, morphological evo-
lution, and detecting action of natural selection and genetic interactions.

While much of evolutionary study focuses on reconstruction of the “past”
history, an important goal, in our study termed as Tomorlogy, is to predict
future status of genes, gene networks, and populations. For this purpose, we
are pursuing empirical, experimental, and theoretical studies, as exemplified by
the following ongoing studies:
® Nonrandom-association analysis of natural variants for detection of multi-

locus selection and gene-network construction
®Molecular mechanism of pre- and post-mating isolation
@ Buffering mechanism against developmental noise
® Compensatory evolution of transcriptional regulation
@ Theoretical study of evolutionary dynamics of duplicated genes
®Nature and population dynamics of spontaneous mutations
@ Evolutionary mechanism of sexual and adaptive morphological traits

Itoh, M., Nanba, N., Hasegawa, M., Inomata, N., Kondo, R., Oshima,
M., and Takano-Shimizu, T. (2010). Seasonal changes in the long-dis-
tance linkage disequilibrium in Drosophila melanogaster. J Hered 101,
26-32.

Tanaka, K. M., Takahasi, K. R., and Takano-Shimizu, T. (2009).
Enhanced fixation and preservation of a newly arisen duplicate gene
by masking deleterious loss-of-function mutations. Genet Res 91, 267-
280.

Takahashi, A. (2009). Effect of exonic splicing regulation on synony-
mous codon usage in alternatively spliced exons of Dscam. BMC Evol
Biol 9, 214.

Fujikawa, K., Takahashi, A., Nishimura, A., ltoh, M., Takano-Shimizu, T.,
and Ozaki, M. (2009). Characteristics of genes up-regulated and
down-regulated after 24 h starvation in the head of Drosophila. Gene
446, 11-17.

Watanabe, Y., Takahashi, A., Itoh, M., and Takano-Shimizu, T. (2009).
Molecular spectrum of spontaneous de novo mutations in male and
female germ line cells of Drosophila melanogaster. Genetics 181,
1035-1043.

Takahashi, K. H., Tanaka, K., Itoh, M., and Takano-Shimizu, T. (2009).
Reduced X-linked rare polymorphism in males in comparison to
females of Drosophila melanogaster. J Hered 100, 97-105.
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Figure - Metabolic economics and microbrial proteome evolution.

A) Chemical energy allocations for biosynthesis of a bacterial cell. About 75% of the budget is
used for protein synthesis. Based on data from E. coli (Neidhardt et al. 1990).

B) Protein adaptation for energetic efficiency. In Bacillus subtilis, abundant proteins employ less
energetically costly amino acids.

Population genetics and genome evolution

We combine theoretical and laboratory studies to identify mechanisms of
genome evolution with a focus on global adaptations. Current interests in
the lab include:

@ Identifying biosynthetic constraints in protein evolution. Natural selection is
thought to act upon protein struc-tures to optimize biochemical properties
related to their specific cellular functions. Selection for efficient synthe-sis
may also be an important factor in determining the size, amino acid com-
position, and evolutionary rates of proteins but are less firmly established.
We study rela-tionships between gene expression and patterns of pro-
tein evolution to identify adaptation for metabolic and translational effi-
ciency.

® Studying lineage-specific patterns of silent and protein evolution. Our stud-
ies of Drosophila melanogaster and its close relatives suggest that both
weak selection and departures from steady-state are prevalent features
of molecular evolution.

® Modeling evolutionary processes under a balance among weak forces
that fluctuate. We employ com-puter simulations of weak selection with
genetic linkage and fitness interactions among mutations to determine
statistical methods to detect subtle forces in evolution.

Drosophila sequencing consortium. (2007). Evolution of genes and

genomes on the Drosophila phylogeny. Nature 450, 203-218.

Ko, W. Y., Piao, S., and Akashi, H. (2006). Strong regional heteroge-
neity in base composition evolution on the Drosophila X chromo-
some. Genetics 174, 349-362.

Akashi, H., Ko, W. Y., Piao, S., John, A., Goel, P, Lin, C. F,, and
Vitins, A. (2006). Molecular evolution in the Drosophila melano-
gaster species subgroup: Frequent parameter fluctuations on the time-

scale of molecular divergence. Genetics 172, 1711-1726.

Akashi, H. (2003). Translational selection and yeast proteome evolu-

tion. Genetics 764, 1291-1303.

Akashi, H., and Gojobori, T. (2002). Metabolic efficiency and amino
acid composition in the proteomes of Escherichia coli and Bacillus

subtilis. Proc. Natl. Acad. Sci. USA 99, 3695-3700.

Akashi, H. (2001). Gene expression and molecular evolution. Curr.
Op. Gen. Dev. 71, 660-666.
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Process about organisms evolve and new

species come into being

Research in the Hartl laboratory is at the interface of evolutionary biology
and molecular genetics. We study genes and genomes in order to learn
about the processes by which organisms evolve and new species come into
being. Our approach is guided by the philosophy that progress in molecular
evolution and progress in molecular biology often go hand in hand.

Studies of molecular evolution are usually enhanced when they take
advantage of information about biological function and molecular mecha-
nism. Our research often takes advantage of model organisms (fruit flies,
nematodes, yeast, bacteria) or organisms of interest in public health (the
malaria parasite, P. falciparum). We also make use of state of the art molec-
ular and statistical approaches. In recent years these have included genom-
ics and gene-expression profiing, cloning and DNA sequencing, correlations
of sequence data with three-dimensional protein structures, and Bayesian
analysis of population samples implemented through Markov chain Monte
Carlo methods.

These approaches can be used to address a wide variety of fundamental
issues in evolutionary biology.

Division of Theoretical Genetics
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Genetic basis of adaptive variation in natural populations

My lab studies the genetic basis for complex traits, especially in cases where
there is a well understood gene regulatory network underlying the trait.

® Human and comparative genomics: In collaboration with Celera, we are
analyzing sequences of the complete set of transcribed genes in 40 humans and
chimpanzee. These data will provide a rich view of polymorphism and allow
genome-wide tests for adaptively evolving genes.

® Genetic basis of complex disease: Single nucleotide polymorphisms
(SNPs) may help to identify genes that underlie complex diseases. We employ a
candidate gene approach to cardiovascular disease risk and quantify how muta-
tion, recombination, migration, and natural selection impact human variation.

@ Evolution of metabolic regulation: \We study genetic variation in lipid and
glycogen storage in Drosophila. Our analysis of enzymes in intermediary metab-
olism showed a surprising amount of epistasis in their effects on metabolic traits.

Other areas include insect immunity, Drosophila sex chromosome evolution, and
assorted topics in theoretical population genetics.

LINS1 KIAA1303 (RAPTOR)
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Figure - Haplotype networks for human genes under balancing selection. Circles are

haplotypes (size proportional to frequency), black for African Americans and white for European Ameri-
cans. Branch lengths proportional to SNP numbers. Ancestral haplotypes inferred using chimp data. From
Andres et al. Mol Biol Evol 2009.

CLARKFRZEDii—/X—3 . http://mbg.cornell.edu/cals/mbg/research/clark-lab/index.cfm
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Figure - The sequence regions of PTH1R where the four candidates for disease-causing variants
identified in the study locate were compared between various species. All the variants were
located in highly-conserved region across various species.

Multi-dimensional phenotype and genome

relationship to promote system medicine

Massively parallel sequencing of target regions, exomes, and complete

genomes has begun to dramatically increase the opportunities for identifying

genetic variants underlying rare and common diseases. Our research inter-

est has been focused on personal genome analysis to elucidate disease

causalities which leads to development of therapeutic tool. We have started

a long-standing project that investigates genome-phenome relationship by

integrating the personal genome information and clinical information. We ini-

tially focus on the exome and target re-sequencing, before we initiate to

determine the whole personal genome.

@ The research projects are as follow:

@ Exome sequencing to identify the causality of genetic diseases

® Re-sequencing of the entire HLA region for informative polymorphism
detection

@ Application of statistical model for the understanding of genome-phenome
relationships.

® Construction of genetic risk prediction model of complex human disease.

Nakaoka, H., Takahashi, T., Akiyama, K., Cui, T., Tajima, A., Krischek, B.,
Kasuya, H., Hata, A., and Inoue, I. (2010). Differential Effects of chromosome
9p21 variation on subphenotypes of intracranial aneurysm: site distribution.
Stroke. 41(8), 1593-8.

Akiyama, K., Narita, A., Nakaoka, H., Cui, T., Takahashi, T., Yasuno, K., Tajima,
A., Krischek, B., Yamamoto, K., Kasuya, H., Hata, A., and Inoue, |. (2010).
Genome-wide association study to identify genetic variants present in Japa-
nese patients harboring intracranial aneurysms. J Hum Genet. 55(10), 656-61.

Krischek, B., Tajima, A., Akagawa, H., Narita, A., Ruigrok, Y., Rinkel, G.,
Wijmenga, C., Feigi, G. C., Kim, C. J., Hori, T., Tatagiba, M., Kasuya, H., Inoue, |.
(2010). Association of the Jun dimerization protein 2 gene with intracranial
aneurysms in Japanese and Korean cohorts as compared to a Dutch cohort.
Neuroscience 169(7), 339-43.

Yasuno, K., Bilguvar, K., Bilenga, P, Low, S. K., Krischek, B., Auburger, G.,
Simon, M., Krex, D., Arlier, Z., Nayak, N., Ruigrok, Y. M., Niemela, M., Tajima, A.,
von, und, zu, Fraunberg, M., Déczi, T., Wirjatijasa, F., Hata, A., Blasco, J., Osz-
vald, A., Kasuya, H., Zilani, G., Schoch, B., Singh, P, Stter, C., Risselada, R.,
Beck, J., Sola, T,, Ricciardi, F., Aromaa, A, llig, T., Schreiber, S., van, Duijn, C. M.,
van, den, Berg, L. H., Perret, C., Proust, C., Roder, C., Ozturk, A. K., Gadl, E,,
Berg, D., Geisen, C., Friedrich, C. M., Summers, P, Frangi, A. F, State, M. W.,,
Wichmann, H. E., Breteler, M. M., Wimenga, C., Mane, S., Peltonen, L., Elio, V.,
Sturkenboom, M. C., Lawford, P, Byrne, J., Macho, J., Sandalcioglu, E. ., Meyer,
B., Raabe, A., Steinmetz, H., Rifenacht, D., Jaaskeldinen, J. E., Hernesniemi, J.,
Rinkel, G. J., Zembutsu, H., Inoue, I., Palotie, A., Cambien, F., Nakamura, Y., Lif-
ton, R. P, and Gunel, M. (2010). Genome-wide association study of intracranial
aneurysm identifies three new risk loci. Nat Genet. 42(5), 420-5.

Bilguvar, K., Yasuno, K., Niemeld, M., Ruigrok, Y. M., von, Und, Zu, Fraunberg,
M., van, Duijn, C.M., van, den, Berg, L.H., Mane, S., Mason, C.E., Choi, M.,
Gaadl. E,, Bayri, Y., Kolb, L., Arlier, Z., Ravuri, S., Ronkainen, A., Tajima, A.,
Laakso, A, Hata, A., Kasuya, H., Koivisto, T., Rinne, J., Ohman, J., Breteler, M.
M., Wijmenga, C., State, M. W., Rinkel, G. J., Hernesniemi, J., Jaaskeldinen, J.
E., Palotie, A., Inoue, I, Lifton, R. P, and Guinel, M. (2008). Susceptibility loci for
intracranial aneurysm in European and Japanese populations. Nat Genet.
40(12), 1472-7.

Okada, H., Tajma, A., Shichiri, K., Tanaka, A., Tanaka, K., and Inoue, I. (2008).
Genome-wide expression of azoospermia testes demonstrates a specific pro-
file and implicates ART3 in genetic susceptibility. PLoS Genet 4(2), e26.
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Figure - The ibm1 (increase in BONSAI methylation) mutation induces developmental defects,
which are suppressed by mutation in the H3K9 methylase gene KYP or non-CG methylase gene
CMT3. The results suggest that these phenotypes are due to ectopic deposition of heterochro-
matin marks, such as H3K9 methylation and non-CG methylation.

Epigenetic controls of plant development

and genome structure

To understand control and function of DNA methylation, we are taking
genetic approaches using mutants of Arabidopsis. An Arabidopsis protein
DDM1 (decrease in DNA methylation) is necessary for methylating transpo-
sons and repeats. On the other hand, IBM1 (increase in BONSAI methyla-
tion) is necessary for not methylating genes. In mutants of genes encoding
these proteins, several types of developmental abnormalities were induced.
Characterization of these abnormalities is revealing impact of DNA methyla-
tion on genome evolution and appropriate gene expression. In addition,
using these and other mutants, we are studying controling mechanisms of
differential DNA methylation between genes and transposons within the
genome.

Inagaki, S., Miura-Kamio, A., Nakmura, VY., Lu, F, Cao, X., Kimura, H.,
Saze, H., and Kakutani, T. (2010). Autocatalytic differentiation of epige-
netic modifications within the Arabidopsis genome. EMBO J. 29,
3496-3506.

Tsukahara, S., Kobayashi, A., Kawabe, A., Mathieu, O., Miura, A., and
Kakutani, T. (2009). Bursts of retrotransposition reproduced in Arabi-
dopsis. Nature 303, 423-426.

Miura, A., Nakmura, M., Inagaki, S., Kobayashi, A., Saze, H., and
Kakutani, T. (2009). An Arabidopsis jmjC domain protein protects tran-
scribed genes from DNA methylation at CHG sites. EMBO J. 28,
1078-1086.

Saze, H., Shiraishi, A., Miura, A., and Kakutani, T. (2008). Control of
genic DNA methylation by a jmjC-domain containing protein in Arabi-
dopsis thaliana. Science 319, 462-465.

Saze, H., and Kakutani, T. (2007). Heritable epigenetic mutation of a
transposon-flanked Arabidopsis gene due to lack of the chromatin-
remodeling factor DDM1. EMBO J. 26, 3641-3652.

AARIC AR (2009)> A4 XFXFICHBIFHDNAAFIELE RS>
ZRY I REREZF 27, 3075-3079.
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Figure - Ventral tangential migration of neurons in slice-cultured telencephalons Migrating neu-
rons are labeled in magenta. Axon guidance molecule, semaphorin3F repels this migration stream
to the opposite direction (right).

Vertebrate neural network formation

Precise neuronal connections are the basis for the complex brain function. The
fully functional brain is constructed through a series of carefully con-
trolled developmental processes including neuronal differentiation, migration,
axon outgrowth, and target recognition. We are exploring genetic mechanisms
governing the developmental processes in vertebrate nervous systems.
@ Central Olfactory Projection
Olfactory information is transferred and processed in the olfactory bulb of
the brain. Development of afferent projections from this first-order center
has been studied, using knockout mice for axon guidance molecules.
® Neuronal Migration
During development, the guidepost neurons, “lot cells”, for olfactory bulb
axons show a dynamic ventral migration over the telencephalon. We are
investigating mechanisms of this unique neuronal migration.
® Axon Outgrowth and Pausing
Axon tip-enriched protein M6a is implicated in axon outgrowth and paus-
ing. We are analyzing physiological functions of this protein.
®Evolution of the neocortical layer structure
The layer structure in the neocortex is unique to mammals. The evolution-
ary scenarios are explored through comparisons of developmental pro-
cesses in the brain structures of different vertebrate species.

Yamatani, H., Kawasaki, T., Mita. S., Inagaki, N., and Hirata, T. (2010).
Proteomics Analysis of the Temporal Changes in Axonal Proteins dur-
ing Maturation. Dev. Neurobiol. 70, 523-537.

Ito, K., Kawasaki, T., Takashima, S., Matsuda, ., Aiba, A., and Hirata, T.
(2008). Semaphorin 3F confines ventral tangential migration of lateral
olfactory tract neurons onto the telencephalon surface. J. Neurosci.
28, 4414-4422.

Fouquet, C., Di Meglio, T., Ma, L., Kawasaki, T., Long, H., Hirata, T,,
Tessier-Lavigne, M., Chedotal, A., and Nguyen-Ba-Charvet, K.T. (2007).
Robo1 and robo2 control the development of the lateral olfactory
tract. J. Neurosci. 27 3037-3045.

Kawasaki, T., Ito, K., and Hirata, T. (2006). Netrin 1 regulates ventral
tangential migration of guidepost neurons in the lateral olfactory tract.
Development 733, 845-853.
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Arabidopsis Epigenetics and Epigenomics

My group is interested in the study of chromatin-based epigenetic processes
and chromatin dynamics in the flowering plant Arabidopsis. In one project,
we have used chromatin immunoprecipitation and hybridization to tiling
arrays to define a first reference Arabidopsis epigenome map based on
mutliple chromatin marks. Combinatorial analysis of these marks indicates
that the Arabidopsis epigenomic landscape can be almost entirely described
using as little as one heterochromatic and three euchromatic signa-
tures. Moreover, we have found that euchromatin exhibits a short-range
organization centered on individual genes. In another project, we have dem-
onstrated the existence of an efficient mechanism that protects against
transgenerational loss of DNA methylation in Arabidopsis. This process is
specific to the subset of methylated genomic repeats that are targeted by
the RNAI machinery, does not spread into flanking regions, is usually pro-
gressive over several generations, and faithfully restores wild-type methyla-
tion over target sequences. Our findings suggest an important role for RNAI
in protecting genomes against long-term epigenetic defects.
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Figure - Genome browse view the Arabidopsis epigenomic landscape around a euchromatin-het-
erochromatin transition (indicated at the top by thin dark blue and thick light blue lines, respectively).
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Elucidation of the mechanisms of brain

diseases based on genome analysis

We aim to elucidate molecular basis of brain diseases based on genetics.
For brain diseases with Mendelian inheritance, we have recently developed
an extremely efficient pipeline which enables direct import of SNPs data
obtained using microarrays. Integrating this high throughput linkage analysis
system with comprehensive resequencing employing next generation
sequencers, identification of causative genes has been tremendously accel-
erated. For brain diseases with complex trait, we will focus on the disease
susceptibility genes with large effect sizes for development of brain diseases.
To accomplish this aim, genome-wide association studies (GWAS) based on
SNPs analyses are insufficient, and, therefore, we need to establish new
paradigms to identify rare variants with large effect sizes based on compre-
hensive resequencing of human genome employing new technologies of
next generation sequencers.
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Figure - Research paradigm to identify disease-related variations based on comparison of effect
sizes of variants and allele frequencies of the variants in population. Tsuji Hum. Mol. Genet. (2010)
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Figure - Reproductive isolation of mice due to stage-specific spermatogenesis defects. A) The
stages at which spermatogenic disruptions occur in different cases of hybrid male sterility. Down-
ward arrows indicate the spermatogenic disruptions that occur preferentially at premeiotic stage,
zygotene-pachytene stage of meiosis |, and metaphase of meiosis I. Cell-cycle checkpoints are
supposed to exist at these stages. B) Premeiotic cell-cycle arrest of male germ cells in the chro-
mosome substitution strain, B6-ChrXMsSM. Red indicates nuclei of meiotic spermatocytes and blue
indicates all nuclei. Graph shows that number of meiotic spermatocytes in B6-ChrXMSM males is
less than 10% of control males.

Integrative genetics of mouse
complex traits

In order to understand genetic basis underlying complex traits, such as mor-

phology and energy metabolism, we are conducting genetic analyses based

upon both of “Forward Genetics” with existing mutants and“Reverse Genet-

ics” with genetically engineered mice. In parallel, we are also compiling com-

prehensive information of the genome diversity of inbred mouse strains, and

developing new inter-subspecific consomic strains, in which every chromo-

some of a classical inbred strain C57BL/6J is replaced by the counterpart of a

wild mouse-derived MSM/Ms strain. These bio-resources are fully used for

genetic dissection of the complex traits.

Current ongoing research projects are as follows:

1. Genetic studies on developmental regulations

® Chromosomal dynamics at the Sonic hedgehog (Shh) locus

@ Evolution of cis-regulation systems of developmental genes

® Genetic regulation of craniofacial development and osteopenesis

2. Establishment of experimental systems for genetic dissection of complex
traits, based on the genome diversity of mouse strains.

® Collection and compilation of information of genome diversity and pheno-
types of mouse strains

® Genetic mechanism of reproductive isolation in mice

® Genetic regulation of energy metabolism

@ Genetic basis of mouse morphological diversity

Oka, A., Mita, A., Takada, Y., Koseki, H., and Shiroishi, T. (2010).
Reproductive isolation in hybrid mice due to spermatogenesis defects
at three meiotic stages. Genetics. 186, 339-51.

Sagai, T., Amano, T., Tamura, M., Mizushina, Y., Sumiyama K. and Shi-
roishi, T. (2009). A cluster of three long-range enhancers directs
regional Shh expression in the epithelial linings. Development 136,
1665-1674.

Amano, T., Sagai T., Tanabe, H., Mizushina, Y., Nakazawa, H., and Shi-
roishi, T. (2009). Chromosomal dynamics at the Shh locus: limb bud-
specific differential regulation of competence and active transcription.
Dev. Cell 16 , 47-57.

Takada, T., Mita, A., Maeno, A., Sakai, T., Shitara, H., Kikkawa, Y.,
Moriwaki, K., Yonekawa, H., and Shiroishi, T. (2008). Mouse intersub-
specific consomic strains for genetic dissection of quantitative com-
plex traits. Genome Res. 18, 500-598.

Tamura, M., Tanaka, S., Fujii, T., Aoki, A., Komiyama, H., Ezawa, K.,
Sumiyama, K., Sagai, T., and Shiroishi, T. (2007). Members of a novel
gene family, Gsdm, are expressed exclusively in the epithelium of the
skin and gastrointestinal tract in a highly tissue-specific manner.
Genomics 89, 618-629.

Oka, A., Aoto, T, Totsuka, Y., Takahashi, R., Ueda, M., Mita, A., Saku-
rai-Yamatani, N., Yamamoto, H., Kuriki, S., Takagi, N., Moriwaki, K.,
and Shiroishi, T. (2007). Disruption of Genetic Interaction Between Two
Autosomal Regions and the X Chromosome Causes Reproductive Iso-
lation Between Mouse Strains Derived From Different Subspecies.
Genetics 175, 185-197.
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Figure - A. Cardiovascular specific fluorescence image of Mesp1-cre mouse (E9.5) crossed with
a mRFP reporter. Inset: Embryonic heart of Sfrp5 GFP knock-in mouse (E9.5). GFP is detected in
the left ventricle, atrium and proepicardial organ.

B. A section of adult seminiferous tubule, in which Nanos2 expression in maintained in the sper-
matogonial stem cell. Only stem cells remained, while sperm differentiation is suppressed. Green:
Nanos2, Magenta: stem cell marker.

Molecular mechanism of mouse
embryogenesis

During mouse development, mesodermal cells generated via gastru-
lation play important roles in the morphogenesis of several tissues
and organs. We focus on two types of mesodermal cells; one is
precursor cells of the cardiovascular system, the other is precursor
cells of somites that give rise to the axial structures. We generate
several knockout and knockin mice to understand the molecular
mechanism of vasculogenesis, cardiogenesis, somitogenesis and
lung development. In addition, we are interested in the mechanism
of germ cell development, especially focusing on the function of
Nanos proteins. Recent study reveals that Nanos2 is involved not
only in the male germ cell fate specification, but also in the mainte-
nance of spermatogonial stem cells. We also investigate epigenetic
regulation involved in the gem cell development. In addition, we
work on the fair follicle development using a model mouse that
shows periodic alopecia established in our lab.

Sasaki N, Kiso M, Kitagawa M, Saga Y. (2011). The repression of Notch signal-
ing occurs via the destabilization of mastermind-like 1 by Mesp2 and is essen-
tial for somitogenesis. Development 138:55-64.

Suzuki A, Igarashi K, Aisaki K, Kanno J, Saga Y. (2010). NANOS?2 interacts with
the CCR4-NOT deadenylation complex and leads to suppression of specific
RNAs. Proc Natl Acad Sci U SA. 107:3594-9.

Sada A, Suzuki A, Suzuki H, Saga VY. (2009). The RNA-binding protein
NANOS2 is required to maintain murine spermatogonial stem cells. Science
325:1394-1398.

Kiso M, Tanaka S, Saba R, Matsuda S, Shimizu A, Ohyama M, Okano HJ, Shi-
roishi T, Okano H, Saga Y. (2009). The disruption of Sox21-mediated hair shaft
cuticle differentiation causes cyclic alopecia in mice. Proc Natl Acad SciU S A
106, 9292-9297.

Oginuma M, Niwa Y, Chapman DL, Saga VY. (2008). Mesp2 and Tbx6 coopera-
tively create periodic patterns coupled with the clock machinery during mouse
somitogenesis. Development 135, 2565-2562

Kokubo H, Miyagawa-Tomita S, Saga Y. (2007). Hesr1/Hey1 and Hesr2/Hey2
regulate atrial-ventricular boundary formation in the developing heart through
the repression of Tbx2. Development 134, 747-755

Morimoto, M., Takahashi, Y., Endo, M. Saga, Y. (2005). The transcription factor
Mesp2 establishes segmental borders by suppressing Notch activity. Nature
435, 354-359
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Figure - Behavioral tests: In order to understand behavioral features of mice, we conduct a vari-
ety of behavioral tests.

Behavioral genetics using
wild-derived mouse strains

For understanding the genetic basis of inheritance and evolution of behavior,
we studied behavioral phenotype, such as spontaneous activity, anxiety-like
behavior, pain sensitivity, and social behavior, by using inbred strains estab-
lished from wild mice. A variety of mouse inbred strains exhibited diversity in
their behavioral phenotype. In order to elucidate a genetic mechanism
underlying the behavioral difference, we are currently analyzing consomic
strains which are made by replacing one of the chromosomes in C57BL/6
with that of MSM strain. By systematically investigating consomic strains for
the behavioral phenotype, we have found multiple genetic loci associated
with the complex behavioral phenotype. Further analyses of genetic loci
associated with each behavioral phenotype are on the way by making fine
subconsomic strains that have short segment of the chromosome.

@ Comparative studies of behavioral patterns among wild-derived strains

® Genetic studies of home-cage activity

® Genetic studies of anxiety-related behavior

@ Genetic studies of social/aggressive behavior

@ Neurobiological analysis of escalated aggression

Nishi, A., Ishii, A., Takahashi, A., Shiroishi, T., and Koide, T. (2010). QTL
analysis of measures of mouse home-cage activity using B6/MSM
consomic strains. Mamm Genome 21, 477-85.

Takahashi, A., Shimamoto, A., Boyson, C.O., DeBold, J.F., and Miczek,
K.A. (2010). GABA(B) receptor modulation of serotonin neurons in the
dorsal raphé nucleus and escalation of aggression in mice. J Neurosci.
30, 11771-11780.

Takahashi, A., Tomihara, K., Shiroishi, T., and Koide, T. (2010). Genetic
mapping of social interaction behavior in B6/MSM consomic mouse
strains. Behavior Genet 40, 366-376.

Dowse, H., Umemori, J., and Koide, T. (2010). Ultradian components in
the locomotor activity rhythms of the genetically normal mouse, Mus
musculus. J Exp Biol 213, 1788-1795.

Umemori, J., Nishi, A., Lionikas, A., Sakaguchi, T., Kuriki, S., Blizard,
D.A., and Koide, T. (2009). QTL analyses of temporal and intensity
components of home-cage activity in KIJR and C57BL/6J strains. BMC
Genet 10:40.

Takahashi, A., Nishi, A., Ishii, A., Shiroishi, T., and Koide, T. (2008).
Systematic analysis of emotionality in consomic mouse strains estab-
lished from C57BL/6J and wild-derived MSM/Ms. Genes, Brain and
Behav 7, 849-858.
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Figure - Infection of zebrafish male germ cells with adenovirus vector. (A) EGFP expression in
infected spermatogonia. (B) EGFP expression in infected secondary spermatocytes.

Sperm-based genetic modification and
establishment of inbred strains in zebrafish

Zebrafish have become a laboratory favorite because their embryos are
transparent: geneticists can easily observe gene effects in the developing
fish. We have developed techniques to make genetically modified zebrafish
using sperm cells grown “in vitro” - that is, entirely in laboratory conditions.
This method has advantages of ease and speed over conventional trans-
genic methods. We focus on developing reliable reverse genetic protocols
for studying gene functions in zebrafish by using genetically modified sperm.
In addition, this male germ cell culture system should prove useful not only in
producing transfected sperm, but also in analyzing the spermatogenesis.
Using spermatogenic mutants recently identified in zebrafish and this in vitro
culture system to advantage, we are also working on the molecular mecha-
nisms to regulate mitosis and meiosis in the male germ cells of vertebrates.

Inbred strains are individuals which are nearly identical to each other in
genotype, so that they are quite useful for the genetic studies. However, in
zebrafish, there are no inbred strains. We have been trying to establish
zebrafish inbred strains by sib-pair mating, and it will be completed by
inbreeding a few more generations.

Kawasaki, T., Saito, K., Shinya, M., L. Olsen, LC., and Sakai, N. (2010)
Regeneration of spermatogenesis and production of functional sperm
by grafting of testicular cell aggregates in zebrafish. Biol. Reprod. 83,
533-539

Kawasaki, T., Saito, K., Mitsui, K., lkawa, M., Yamashita, M., Taniguchi,
Y., Takeda, S., Mitani, K., and Sakai, N. (2009). Introduction of a for-
eign gene into zebrafish and medaka cells using adenoviral vectors.
Zebrafish 6, 253-258.

Hashiguchi, M., Shinya, M., Tokumoto, M., and Sakai, N. (2008). Nodal/
Bozozok-independent induction of the dorsal organizer by zebrafish
cell lines. Dev. Biol. 327, 387-396.

Kimura, T., Shimada, A., Sakai, N., Mitani, H., Naruse, K., Takeda, H.,
Inoko, H., Tamiya, G., and Shinya, S. (2007) Genetic analysis of cranio-
facial traits in the medaka. Genetics 177, 2379-2388.

Sakai, N. (2006). In vitro male germ cell cultures of zebrafish. Methods
39, 239-245.

BHAIR (2007). ¥ 757 4 v al2BlFBin vitro DT, EREKE
B3R, 52, 2124-2129.
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Figure - Genetic and molecular characterization of a reproductive barrier genes, DPL1 and DPL2.

Reciprocal loss of function in the duplicate genes DPLT and DPL2 cause genome barrier between
two rice subspecies through pollen tube dysfunction.
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Studies on genetic diversity of Oryza genomes/

species and mechanisms in reproductive isolation.

We are carrying out two major research subjects. One is analysis of
genetic diversity of Oryza species in genome structure and phenotype by
sequencing and phenotyping of a large number of strains. Genetic associa-
tion studies will be done to identify responsible genes for genome and phe-
notype differentiation. The other is analysis of genetic factors playing roles in
the reproductive isolation mechanism. This is performed by combining with
the analysis of genetic programs underlying the processes from gametogen-
esis to embryogenesis ~ shoot formation in rice. We are also responsible for
the research, generation and management of rice genetic resources of wild
rice species collected in the NIG under the NBRP.
® Analysis of genetic diversity of wild species of rice for comparative
genomics and speciation studies

® Analysis of genetic factors working in the reproductive isolation mecha-
nism for speciation

@ Dissection of genetic programs underlying in reproductive cell develop-
ment, ovule and pollen formation, pollination and fertilization.

@ Dissection of genetic programs underlying in the process of embryogene-
sis to shoot formation

Mizuta, Y., Harushima, Y., and Kurata, N. (2010). Rice pollen hybrid
incompatibility caused by reciprocal gene loss of duplicated genes.
Proc. Natl. Acad. Sci. USA 107, 20417- 20422.

Fujita, M., Horiuchi, Y., Ueda, Y., Mizuta, Y., Kubo, T., Yano, K., Yamaki,
S., Tsuda, K., Nagata, T., Nihama, M., Kato, H., Kikuchi, S., Hamada,
K., Mochizuki, T., Ishimizu, T., Iwai, H., Tsutsumi, N., and Kurata, N.
(2010). Rice expression atlas in reproductive development. Plant Cell
Physiol. 57, 2060-2081.

Horiuchi, Y., Harushima, Y., Fujisawa, H.,Mochizuki, T., Kawakita, M.,
Sakaguchi, T., and Kurata, N. (2010). A simple optimization can
improve the performance of single feature polymorphism detection by
Affymetrix expression arrays. BMC Genomics 17, 315.

Kurata, N., Satoh, H., Kitano, H., Nagato, Y., Endo, T., Sato, K., Akashi,
R., Ezura, H., Kusaba, M., Kobayashi, M., Nitasaka, E., Kasai, F.,
Yamazaki, Y., and Yoshimura, Y. (2010). NBRP, National Bioresource
Project of Japan and plant bioresource management. Breeding Sci-
ence 60, 461-468.

Nonomura, K-I., Eiguchi, M., Nakano, M., Takashima, K., Komeda. N.,
Fukuchi, S., Miyazaki, S., Miyao, A., Hirochika, H., and Kurata, N.
(2011). A novel RNA-recognition-motif protein is required for premeiotic
G1/S-phase transition in rice (Oryza sativa L.). PLos Genetics 7,
€1001265.

Ito, Y., Kimura, F., Hirakata, K., Tsuda, K., Takasugi, T., Eiguchi, M
Nakagawa, K., and Kurata, N. (2011) Fatty acid elongase is required
for shoot development in rice. Plant J. (in press).
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Figure - Image of Sz. japonicus cell. Histone and a nucleolar protein were fused to different fluo-
rescent proteins in a cell. This made it possible to observe dynamics of chromosomes (magenta)
and nucleoli (green) in living cells simultaneously.

Genetic dissection of the cell division mech-

anism using single-cellular model organisms

Bacteria and yeasts are suitable model organisms to understand the funda-
mental mechanisms on cell proliferation. Our laboratory studies the mecha-
nisms behind chromosome or plasmid DNA dynamics in the cell or the
mechanism underlies cell shape formation. Genetical methods as well as
cell-biclogical methods were used to observe those intracellular events. We
have made several novel observation in cell proliferation mechanism by using
fluorescent-based protein or DNA imaging. Especially Sz. japonicus yeast
suits for those cell biological analysis, and hyphal growth and hyphal cell
cycle add special value on this organisms.

Our ongoing project is as follows;

® Analysis of RodZ, the rod-shape determinant in E.coli cells.

® Chromosome and plasmid DNA transmission mechanism in E.coli cells.

® The function and behavior of DnaA, DNA replication initiation factor in
E.coli cells.

©® Genetic analysis on Sz. japonicus chromosome segregation mechanisms.

®Hyphal induction and hyphal cell cycle in Sz. japonicus yeast.

Hatano, T., and Niki, H. (2010). Partitioning of P1 plasmids by gradual
distribution of the ATPase ParA. Mol. Microbiol. 78, 1182-1198.

Furuya, K., Miyabe, I., Tsutsui, Y., Paderi, F., Kakusho, N., Masai, H.,
Niki, H., and Carr, A.M. (2010). DDK phosphorylates checkpoint clamp
component Rad9 and promotes its release from damaged chromatin.
Mol. Cell 40, 606-618.

Aoki, K., Nakajima, R., Furuya, K., and Niki, H. (2010). Novel episomal
vectors and a highly efficient transformation procedure for the fission

yeast Schizosaccharomyces japonicus. Yeast 27, 1049-1060.

Furuya, K., and Niki, H. (2010). The DNA damage checkpoint regulates
a transition between yeast and hyphal growth in Schizosaccharomy-
ces japonicus. Mol. Cell. Biol. 30, 2909-2917.

Nozaki, S., Niki, H., and Ogawa, T. (2009). Replication initiator DnaA of
Escherichia coli changes its assembly form on the replication origin
during the cell cycle. J. Bacteriol. 197, 4807-4814.

Shiomi, D., Sakai, M., and Niki, H. (2008). Determination of bacterial
rod shape by a novel cytoskeletal membrane protein. EMBO J. 27,
3081-3091.
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Figure - Schematic representation of the inducible RNAi mutant library.

Comprehensive analyses of genome

function in Drosophila

Although the entire human genome sequence has been determined, real
functions of human genes are far from being completely understood. Droso-
phila has a total of 15,000 genes which is about half of the genes found in
humans but a large amount of these genes (approx. 70%) were discovered
to have similar functions and shows significant homology to humans. We
are planning to investigate the function of fly genes comprehensively as a
suitable model for studying the functional genomics of multicellular organ-
isms.

The RNAI is one of the post-transcriptional gene silencing phenomena, in
which double-stranded RNA produced within host cells can effectively inhibit
host gene expression in a sequence-specific manner. By combining with
GAL4-UAS gene expression system, we can utilize the RNAI for knocking
down gene expression in a target cell or tissue at a specific developmental
stage. We are trying to construct inverted repeat transgenes and to estab-
lish transgenic fly lines covering almost genes in Drosophila. This RNAI
mutant fly library is now providing us a fundamental tool for understanding
gene functions and genetic networks working in the fly individuals.

Kondo S., and Perrimon N. (2011). A genome-wide RNAI screen identi-
fies core components of the G2-M DNA damage checkpoint. Sci Sig-
nal 4, rsi.

Yamamoto-Hino, M., Kanie, Y., Awano, W., Aoki-Kinoshita, K. F., Yano,
H., Nishihara, S., Okano, H., Ueda, R., Kanie, O., and Goto, S. (2010).
Identification of Genes Required for Neural-Specific Glycosylation
Using Functional Genomics. PLoS Genet 6, e1001254.

Wu, Y., Brock, A. R., Wang, Y., Fujitani, K., Ueda, R., and Galko, M. J.
(2009). A blood-borne PDGF/VEGF-like ligand initiates wound-induced
epidermal cell migration in Drosophila larvae. Curr Biol 19, 1473-1477.

Yano, T., Mita, S., Ohmori, H., Oshima, Y., Fujimoto, Y., Ueda, R.,
Takada, H., Goldman, WE., Fukase, K., Silverman, N., Yoshimori, T.,
and Kurata, S. (2008). Autophagic control of listeria through intracellu-
lar innate immune recognition in Drosophila. Nat Immunol 9, 908-916.

Yoshida, H., Fuwa, T., Arima, M., Hamamoto, H., Sasaki, N., Ichimiya,
T., Osawa, K-I., Ueda, R., and Nishihara, S. (2008). Identification of the
Drosophila core 1 81,3-galactosyltransferase gene that synthesizes T
antigen in the embryonic central nervous system and hemocytes. Gly-
cobiology 18, 1094-1104.

Picot, M., Cusumano, P,, Klarsfeld, A., Ueda, R., and Rouyer, F. (2007).
Light activates output from evening neurons and inhibits output from
morning neurons in the Drosophila circadian clock. PLoS Biol. 5,
e315.
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Figure - National BioResource Project - Integrated BioResource Database (BRW)-

The BRW provides access to a collection of 5.5-million records on bioresources and supports
summary browsing, keyword searching, and searching by DNA sequences, gene ontology or ref-

erences.

Genetic resources databank project

The Genetic Resources Databank Project started at the National Institute of
Genetics in 1998. The project aims to collect and provide genetic resource
information which includes information on how to order resources, scientific
knowledge about the resource, and other related information such as
genomic information to researchers. We have finished the first stage of
database construction and started providing online distribution system for a
variety of gene pools including wild species, breeding lines, transgenic and
knockout organisms, cells and DNA clones. All databases are available on
the internet at http://www.shigen.nig.ac.jp/. Although these bioresources are
full of hidden potential, its true worth can only be recognized with the exis-
tence of users. We have been continuously inventing better way to distribute
data in order to utilize the resources to its fullest potential. Our future plan wil
include going beyond just completing these databases to meld these data-
bases into a single yet comprehensive information resource for users.

Since the National BioResource Project (NBRP) was launched in 2002, we
have been expanding and reinforcing our activities as an information center
of the project.

Saito, T., Ariizumi, T., Okabe, Y., Asamizu, E., Tanase, K., Yamazaki, Y.,
Fukuda, N., Aoki, K. and Ezura, H.(2011). "TOMATOMA": A Novel
Tomato Mutant Database Distributing Micro-Tom Mutant Collections.
Plant and Cell Physiology. 52(2), 283-296.

Yamazaki, Y., Sakaniwa, S., Tsuchiya, R., Nonomura, K. and Kurata, N.
(2010). Oryzabase: an integrated information resource for rice science.
Breeding Science, 60, 544-548.

Kurata, N., Satoh, H., Kitano, H., Nagato, Y., Endo, T., Sato, K., Akashi,
R., Ezura, H., Kusaba, M., Kobayashi, M., Nitasaka, E., Kasai, R.,
Yamazaki, Y., and Yoshimura, A., (2010). NBRP, National Bioresource
Project of Japan and plant bioresource management. Breeding Sci-
ence, 60, 461-468.

Yamazaki, Y., Akashi, R., Banno, Y., Endo, T., Ezura, H., Fukami-
Kobayashi, K., Inaba, K., Isa, T., Kamei, K., Kasai, F., Kobayashi, M.,
Kurata, N., Kusaba, M., Matuzawa, T., Mitani, S., Nakamura, T., Naka-
mura, Y., Nakatsuji, N., Naruse, K., Niki, H., Nitasaka, E., Obata, Y.,
Okamoto, H., Okuma, M., Sato, K., Serikawa, T., Shiroishi, T., Sug-
awara, H., Urushibara, H., Yamamoto, M., Yaoita, Y., Yoshiki, A. and
Kohara, Y. (2010). NBRP databases: databases of biological resources
in Japan . Nucleic Acid Res. 38, D26-D32.

Yamazaki, Y. and Sugawara, H. (2009) National BioResource Project
Information Center. Exp. Anim. 58(2), 75-84.
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Figure - Translational control of glp-1 gene (a Notch homologue) by pos-1 and spn-4
genes. 4-cell stage embryos of A) wild type, B) pos-1, C) spn-4 were immunostained
using anti-GLP-1 antibody.

Genome biology of C. elegans
development

We are performing a systematic analysis of expression and function

of the genome of the nematode C.elegans, aiming at understanding

of the genetic program for development. We have already identified

14,000 genes through EST project, and have analyzed their expres-

sion patterns by using of whole mount in situ hybridization and their

function by RNAI. All the information has been integrated in NEXTDB

http://nematode.lab.nig.ac.jp/. Based on the information, we are

conducting the following studies;

® Mechanisms of localization and translational control of maternal
mRNAs

@ Clustering analysis of gene expression patterns

@ Functional analysis of microRNAs

@ Systematic identification of regulatory elements of genes

® Comparative genomics using closely related nematodes

We are also organizing a supporting system for large-scale genome

analysis in the academic domain.

Mangone, M. Manoharan, A., Thierry-Mieg, D., Thierry-Mieg, J., Han, T.,
Mackowiak, S., Mis, E., Zegar, C., Gutwein, M.R., Khivansara, V., Attie,
O., Chen, K., Salehi-Ashtiani, K., Vidal, M., Harkins, T.T., Bouffard, P.,
Suzuki, Y., Sugano, S., Kohara, Y., Rajewsky, N., Piano, F., Gunsalus,
K.C., and Kim, J.K. (2010). The Landscape of C. elegans 3'UTRs. Sci-
ence 329, 432-435.

Wang, X., Zhao, Y., Wong, K., Ehler, P,, Kohara, VY., Jones, S.J., Mara,
M.A., Holt, R.A., Moerman, D.G., and Hansen, H. (2009). Identification
of genes expressed in the hermaphrodite germ line of C. elegans using
SAGE. BMC Genomics 10,213.

Andachi, Y.(2008). A novel biochemical method to identify target genes
of individual microRNAs: Identification of a new Caenorhabditis ele-
gans let-7 target. RNA, 74, 2440-2451.

Kagoshima, H., Nimmo, R., Saad, N., Tanaka, J., Miwa, Y., Mitani, S.,
Kohara, Y., and Woollard, A.(2007). The C. elegans CBFb homologue
BRO-1 interacts with the Runx factor, RNT-1, to promote stem cell
proliferation and self-renewal. Development 734, 3905-3915.

Kasahara, M., Naruse, K., Sasaki, S., Nakatani, Y., (and 31 people),
Takeda,H., Morishita, S., and Kohara, Y. (2007). The medaka draft
genome and insights into vertebrate genome evolution. Nature 446,
714-719.
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Figure - Left: FISH analysis of gorilla chromosomes using human chr-21 telomeric probe
Right: Water bear bearing eggs in its belly

Comparative Genomics Research toward Under-
standing Diversity and Idiosyncrasy of Life Systems

Genomic information is one of the most basic and reliable data that can be
used to conduct basic research to explain various biological phenomena as
well as many applied sciences such as medicine, pharmaco-genomics, agri-
culture, ecology or production of bio-materials.

The genomic information, particularly after the publication of human genome
paper in 2001 and 2004, are often referred to as a treasure-trove and has
been providing richest resources to the community.

The Comparative Genomics Laboratory was established in April 2008 with
the task to understand basic rules of biological systems based on actively
reading and analyzing various genomes of interest using cutting-edge DNA
sequencing and analysis technology. Currently, we are analyzing personal-
ized genomes of primates in addition to the organisms those living in the
extreme environmental conditions. The figures in the left column show
examples of such activities.

Hongoh, Y., Sharma, V.K., Prakash, T., Noda ,S., Toh, H., Taylor, T.,
Kudo, T., Sakaki, Y., Toyoda, A., Hattori, M., and Ohkuma, M. (2008).
Genome of an endosymbiont coupling N2 fixation to cellulolysis within-
protist cells in termite gut. Science 322, 1108-1109.

Putnam, N.H., Butts, T., Ferrier, D.E., Furlong, R.F., Hellsten, U.,
Kawashima, T., Robinson-Rechavi, M., Shoguchi, E., Terry, A., Yu, J.K.,
Benito-Gutierrez, E.L., Dubchak, I., Garcia-Fernandez, J., Gibson-
Brown, J.J., Grigoriev, V., Horton, A.C., de Jong, P.J., Jurka, J., Kapi-
tonov, V.V, Kohara, Y., Kuroki, Y., Lindquist, E., Lucas, S., Osoegawa,
K., Pennacchio, L.A., Salamov, A.A., Satou, Y., Sauka-Spengler, T.,
Schmutz, J., Shin-l, T., Toyoda, A., Bronner-Fraser, M., Fujiyama, A.,
Holland, L.Z., Holland, P.W., Satoh, N., Rokhsar, D.S. (2008). The
amphioxus genome and the evolution of the chordate karyotype.
Nature 453, 1064-1071.

STAR Consortium; including Fujiyama, A. Kuroki, Y., Sakaki, Y., Ser-
ikawa, T., Tatsumoto, S., and Toyoda, A. (2008). SNP and haplotype
mapping for genetic analysis in the rat. Nat Genet. 40, 560-566.

Watanabe, T., Totoki, Y., Toyoda, A., Kaneda, M., Kuramochi-Miya-
gawa, S., Obata, Y., Chiba, H., Kohara, Y., Kono, T., Nakano, T.,
Surani, M.A., Sakaki, Y., and Sasaki, H.(2008). Endogenous siRNAs
from naturally formed dsRNAs regulate transcripts in mouse oocytes.
Nature 453, 539-543.

Sato, S., Hirakawa, H., Isobe, S., Fukai, E., Watanabe, A., Kato, M.,
Kawashima, K., Minami, C., Muraki, A., Nakazaki, N., Takahashi, C.,
Nakayama, S., Kishida, Y., Kohara, M., Yamada, M., Tsuruoka, H.,
Sasamoto, S., Tabata, S., Aizu, T., Toyoda, A., Shin-I, T., Minakuchi, VY.,
Kohara, Y., Fujiyama, A., Tsuchimoto, S., Kajiyama, S., Makigano, E.,
Ohmido, N., Shibagaki, N., Cartagena, J.A., Wada, N., Kohinata, T.,
Atefeh, A., Yuasa, S., Matsunaga, S., and Fukui, K. (2010). Sequence
Analysis of the Genome of an Qil-Bearing Tree, Jatropha curcas L.
DNA Res. [Epub ahead of print].

Shang, W.H., Hori, T., Toyoda, A., Kato, J., Popendorf, K., Sakakibara,
Y., Fujiyama, A., and Fukagawa, T. (2010). Chickens possess centrom-
eres with both extended tandem repeats and short non-tandem-
repetitive sequences. Genome Res. 9, 1219-28.

Nishito, Y., Osana, Y., Hachiya, T., Popendorf, K., Toyoda, A., Fujiyama,
A., ltaya, M., and Sakakibara, Y. (2010). Whole genome assembly of a
natto production strain Bacillus subtilis natto from very short read
data. BMC Genomics. 11, 243.
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Figure - In our structural study by cryo-EM, we did not find any higher-order structures in mitotic
chromosomes, or even 30-nm chromatin fibers (A), but just a uniform disordered texture (B). We
thus propose that mitotic chromosomes consist of 11-nm nucleosome fibers folded irregularly.

3D-organization and dynamics of human
genome chromatin

Our research interest lies in determining how a long string of genomic DNA is

three-dimensionally organized in mitotic chromosomes and the nucleus, and

how the organized genome functions during cellular proliferation, differentia-

tion, and development. We are using a novel combination of molecular cell

biology and biophysics to elucidate 3D-organization and dynamics of human

genome chromatin. Current on-going projects are as follows:

® Analysis of chromatin dynamics in nuclei and mitotic chromosomes by
quantitative live-cell imaging.

@ Structural study of nuclei and mitotic chromosomes by X-ray scattering
and cryo-electron microscopy

® Genome-wide study of higher-order chromatin change(s) during ES cell
differentiation

® Understanding of nuclear assembly and growth mechanisms during cell-
cycle

Maeshima, K., lino, H., Hihara, S., Funakoshi, T., Watanabe, A.,
Nishimura, M., Nakatomi, R., Yahata, K., Imamoto, F., Hashikawa, T., et
al. (2010). Nuclear pore formation but not nuclear growth is governed
by cyclin-dependent kinases (Cdks) during interphase. Nat Struct Mol
Biol 717, 1065-1071.

Maeshima, K., Hihara, S., and Eltsov, M. (2010). Chromatin structure:
does the 30-nm fibre exist in vivo? Curr Opin Cell Biol 22, 291-297.

Hiratani, I., Ryba, T., Itoh, M., Rathjen, J., Kulik, M., Papp, B., Fussner,
E., Bazett-Jones, D.P, Plath, K., Dalton, S., et al. (2010). Genome-wide
dynamics of replication timing revealed by in vitro models of mouse
embryogenesis. Genome Res 20, 155-169.

Takemoto, A., Maeshima, K., lkehara, T., Yamaguchi, K., Murayama, A.,
Imamura, S., Imamoto, N., Yokoyama, S., Hirano, T., Watanabe, Y., et
al. (2009). The chromosomal association of condensin Il is regulated
by a noncatalytic function of PP2A. Nat Struct Mol Biol 76, 1302-1308.

Nishino, VY., Takahashi, Y., Imamoto, N., Ishikawa, T., and Maeshima, K.
(2009). Three-dimensional visualization of a human chromosome using
coherent X-ray diffraction. Phys Rev Lett 102, 018101.

Eltsov, M., Maclellan, K.M., Maeshima, K., Frangakis, A.S., and
Dubochet, J. (2008). Analysis of cryo-electron microscopy images
does not support the existence of 30-nm chromatin fibers in mitotic
chromosomes in situ. Proc Natl Acad Sci U S A 105, 19732-19737.
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Figure - Asymmetric localization of B-catenin during an asymmetric division. The localization

before the division (A) and at telophase of division (B). Arrowheads indicate cell boundary. Similar
localization can be observed during most cell divisions in C. elegans.

Mechanisms of asymmetric division in
C. elegans

Proper development of multicellular organisms requires organized production
of a variety of cell types. Asymmetric cell division that produces daughter
cells with distinct cell fates is a fundamental mechanism by which cellular
diversity is produced. For example, a variety of stem cells undergo self-
renewing asymmetric divisions to produce differentiated cells and stem cells
themselves. In higher animals, however, it is difficult to study asymmetric divi-
sion due to lack of cell-ineage information. The nematode C. elegans is
best-suited to study asymmetric division, because we can easily analyze cell
lineages. By combining genetic and cell lineage analyses in C. elegans, we
showed that asymmetries of a number of cell divisions that occur during
development are controlled by Wnt signaling. We will elucidate how asym-
metries of divisions are coordinately regulated to produce functional tissues
and organs.

Arata, Y., Lee, J. Y., Goldstein, B., and Sawa, H. (2010) Extracellular
control of PAR protein localization during asymmetric cell division in the
C. elegans embryo. Development 137, 3337-3345.

Shibata, Y., Takeshita, H., Sasakawa, N., and Sawa. H. (2010) Double
bromodomain protein BET-1 and MYST HATs establish and maintain
stable cell fates in C. elegans. Development 137, 1045-1053.

Mizumoto, K., and Sawa, H. (2007) Two Bs or not two B's: regulation
of asymmetric division by B-catenin. Trends in Cell Biology 17, 465-
473.

Mizumoto, K., and Sawa, H. (2007) Cortical B-catenin and APC regu-
late asymmetric nuclear B-catenin localization during asymmetric cell
division in C. elegans. Developmental Cell 12, 287-299.

Arata, Y., Kouike, H., Zhang, Y., Herman, M. A., Okano, H., and Sawa,
H. (2006) Wnt signaling and a Hox protein cooperatively regulate
PSA-3/MEIS to determine daughter cell fate after asymmetric cell divi-
sion in C. elegans. Developmental Cell 77, 105-115.

Goldstein, B., Takeshita, H., Mizumoto,, K. and Sawa, H. (2006) Wnt
signals can function as positional cues in establishing cell polarity.
Developmental Cell 70, 391-396.
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Figure - A schematic representation of structure of a333ye complex of F1-ATPase. 3-subunits
are shown in yellow, a-subunits red, y cyan and € magenta. The structure shows a novel nucle-
otide occupancy and a novel conformation of the £-subunit.
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Mechanism-oriented protein structure

determination by X-ray diffraction

We are working on protein structure determination using X-ray diffraction
techniques, in order to understand the working mechanism of the proteins
that are broad in biological function spectrum, but are each with the unique
and interesting action mechanism. The proteins under current investigation
include: the sub-complexes of F1-ATPase, ATP synthase, bacterial tran-
scription factors, human transcription factors and salt-tolerant glutaminase.
Some of those targets have exhibited extreme difficulties.

To understand the unique rotational catalysis mechanism of ATP syn-
thase, we have been extending the structural study from the o383 sub-
assembly to upper subassemblies. The 3837 € sub-complex has pro-
vided a unique opportunity to look at F1 structure with a unique nucleotide
occupancy i.e. nucleotide bound to a single catalytic 8-0 v v ¢ T. subunit.
Also, we have now got ATP synthase crystals. PhzR protein, a P. aerugi-
nosa transcriptional factor, and E. coli YmcB protein are under investigation
using the MAD approach. Recently the structure of the salt-tolerant glutami-
nase have been solved under a number of different conditions, giving an
account of how the unique salt tolerancy is realized in the protein.

Yoshimune,K.,Shirakihara, Y., Wakayama,M., and Yumoto,l. (2010).
Crystal structure of salt-tolerant glutaminase from Micrococcus luteus
K-8 in the presence and absence of its product L-glutamate and its
activator Tris. FEBS. J. 277, 738-748

Itou, H.,Watanabe, N.,Yao, M.,Shirakihara, Y., and Tanaka, |. (2010).
Crystal structures of the multidrug binding repressor Corynebacterium
glutamicum CgmR in complex with inducers and with an operator. J
Mol Biol. 403, 174-184

Murakami,K.,Stewart, M., Nozawa K., Tomii, K.,Kudou N.,Igarashi, N.,
Shirakihara, Y., Wakatsuki, S., Yasunaga, T., and Wakabayashi, T.
(2008). Structural basis for tropomyosin overlap in thin (actin) filaments
and the generation of a molecular swivel by troponin-T Proc. Natl.
Acad. Sci. 105, 7200 - 7205

Yoshimune,K.,Shirakihara, Y., Shiratori, A., Wakayama,M., Chantawan-
nakul, P, and Moriguchi,M. (2006). Crystal structure of a major frag-
ment of the salt-tolerant glutaminase from Micrococcus luteus K-3
BioChem Biophys Res Commun. 346, 1118 — 1124.

Shiroishi,M., Kuroki,K., Tsumoto, K., Yokota,A., Sasaki,T., Amano,K.,
Shimojima, T., Shirakihara,Y., Rasubala,L., P. Anton van der
Merwe,Kumagai,l., Kohda,D., and Maenaka,K. (2006). Entropically-
driven MHC class | recognition by human inhibitory receptor Leukocyte
Ig-like receptor B1 (LILRB1/ILT2/CD85j) J Mol Biol 355, 237- 248

Maenaka,K., Fukushi, K., Aramaki, H., and Shirakihara,Y. (2005).
Expression, crystallization and preliminary diffraction studies of the
Pseudomonas putida cytochrome P-450cam operon repressor CamR
Acta Crystallogr. F61, 796 — 798.
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Figure - Drosophila nervous system stained with specific antibodies. Left panel: Larval brain.
Mushroom bodies (green) and optic lobes (red) are highlighted. Right panel: Motoneuron terminal
(green). Inset: Electron micrograph of a synapse.

Molecular and cellular mechanisms for

neural network formation

Precise connectivity in neural networks is the basis for our behavior and
thought. We are studying genetic and cellular mechanisms underlying neural
connectivity in Drosophila melanogaster, which shows variety of learning/
memory or other behaviors with a relatively simple nervous system. By
combination of molecular genetics and high-resolution imaging analysis, we
are tackling following issues.

® Synapse formation: We have identified cell-surface proteins involved in the
establishment of specific synaptic connectivity, by ectopic gene-expres-
sion screening. Their molecular functions are currently studied in detail.

® Neural lamina formation: Laminar structures are important for the estab-
lishment of local neuronal circuits. We are studying gene regulatory mech-
anism for lamina formation in mushroom bodies, a learning and memory
center.

@ Intracellular signal transduction: Using photoreceptor neurons in the com-
pound eye, we are studying genetic mechanisms for the topological and
functional regulation of the components of intracellular signaling pathways.

® Neuronal polarization and protein trafficking: We are focusing on the func-
tional arrangement of Golgi apparatuses in protein trafficking, which is
crucial for neuronal polarization.

Yasunaga, K., Kanamori, T., Morikawa, R., Suzuki, E., and Emoto, K.
(2010). Dendrite reshaping of adult Drosophila sensory neurons
requires matrix metalloproteinase-mediated modification of the base-
ment membranes. Dev. Cell 18, 621-632.

Kurusu, M., Maruyama, Y., Adachi, Y., Okabe, M., Suzuki, E., and
Furukubo-Tokunaga, K. (2009). A conserved nuclear receptor, Tailless,
is required for efficient proliferation and prolonged maintenance of
mushroom body progenitors in the Drosophila brain. Dev. Biol. 326,
224-236.

Kurusu, M,. Cording, A., Taniguchi, M., Menon, K., Suzuki, E., and Zinn,
K. (2008). A screen of cell-surface molecules identifies leucine-rich
repeat proteins as key mediators of synaptic target selection. Neuron
59, 972-985.

Kurusu, M., and Zinn, K. (2008). Receptor tyrosine phosphatases regu-
late birth order-dependent axonal fasciculation and midline repulsion
during development of the Drosophila mushroom body. Mol. Cell Neu-
rosci. 38, 53-65.

Orihara-Ono, M., Suzuki, E., Saito, M., Yoda, Y., Aigaki, T., and Hama,
C. (2005). The slender lobes gene, identified by retarded mushroom
body development, is required for proper nucleolar organization in
Drosophila. Dev. Biol. 281, 121-133.
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Figure - This phylogenetic tree of eubacteria shows dRsp indices of which value is a proportion
of SD-containing genes in a given species. Although translation initiation is indispensable for all
protein-coding genes, its mechanisms have dynamically changed during evolution.

Center for Information Biology and DNA Data Bank of Japan

Study for molecular evolution using genomic

sequence and gene expression profile

We study the molecular basis and evolutionary history for the acquisition of

novel feature based on comparative genomics and gene expression profiles

using prokaryotes, virus, and animals. Recently we are focusing more on (1)

Analysis of data obtained from Next-generation sequencer and development

of analysis algorithms, and (2) Dynamics of gene expression profile underly-

ing the evolution of central nervous system and sensory organs. Currently

ongoing studies are as follows:

®Dynamic evolution of translation initiation mechanisms

® Genome-wide sequencing of gene expression in trophoblast cell during
placental development

® Gene expression profiling of sea urchin larva by next-generation tag
sequencing

® Search for the evolutionary origin of protozoan lens-eye

@Evolutionary acquisition of the mechanosensory organ developmental sys-
tem

® Search for the evolutionary origin of gap junction

@ Evolution of animal eye - A case study on eyes of jellyfishes

@ Construction of bio-platform for the cell innovation project

Hwang, J. S., Takaku, Y., Momose, T., Adamczyk, P., Ozbek, S., Ikeo,
K., Khalturin, K., Hemmrich, G., Bosch, T. C., Holstein, T. W., David, C.
N., and Gojobori, T. (2010). Nematogalectin, a nematocyst protein with
GlyXY and galectin domains, demonstrates nematocyte-specific alter-
native splicing in Hydra. Proc Natl Acad Sci USA. 107, 18539-18544.

Nakagawa, S., Niimura, Y., Miura, K., and Gojobori, T. (2010). Dynamic
evolution of translation initiation mechanisms in prokaryotes. Proc Natl
Acad Sci USA 107, 6382-6387.

Chapman, J. A.,..., Hayakawa, S., Hirose, M., Hwang, JS., lkeo, K.,
Nishimiya-Fujisawa, C., Ogura, A., Gojobori., T, Fujisawa, T., Steele,
RE. et al. (2010). The Dynamic Genome of Hydra. Nature 464, 592-
596.

Horie, M., Honda, T., Suzuki, Y., Kobayashi, Y., Daito, T., Oshida, T.,
Ikuta, K., Jern, P., Gojobori, T., Coffin, J. M., and Tomonaga, K. (2010).
Endogenous non-retroviral RNA virus elements in mammalian genom-
esldentification of endogenous non-retroviral RNA virus elements in
mammalian genomes Nature 463, 84-87.

The HUGO Pan-Asian SNP Consortium, Abdu, M., Ahmed, I., Brah-
machari, S., Gojobori, T., Liu, E., Sugano, S., Suzuki, Y., Tokunaga, K.,
Zilfalil, B.A., Indian Genome Variation Consortium (2009). Mapping
Human Genetic Diversity in Asia. Science 326, 1541-1545.

Clemente, JC., lkeo, K., Valiente, G., and Gojobori, T. (2009). Opti-
mized ancestral state reconstruction using Sankoff parsimony. BMC
Bioinformatics 10, 1-27.
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Figure - A screenshot of reference mapping tools on a NGS automatic analytical system

Nakamura Group

Center for Information Biology and DNA Data Bank of Japan

Genome Informatics Laboratory

Promotion of DDBJ as an infrastructure

database for lifescience

Precise connectivity in neural networks is the basis for our behavior and
thought. We are studying genetic and cellular mechanisms underlying neural
connectivity in Drosophila melanogaster, which shows variety of learning/
memory or other behaviors with a relatively simple nervous system. By com-
bination of molecular genetics and high-resolution imaging analysis, we are
tackling following issues.Ultra high-throughput sequencing technologies allow
biologists to obtain larger amounts of nucleotide sequence data. Reliable
database operation and high-quality annotation supply are essential. As the
core part of DNA Data Bank of Japan (DDBJ), Nakamura laboratory
attempts 1) to develop advanced database management systems, and 2) to
improve quality of the content of DDBJ.
® Automatic analysis of next-generation sequencing data
To establish automatic analysis of NGS data is significant for efficient pro-
cessing of large amount of sequences. We are constructing an automatic
analytical system "DDBJ Read Annotation Pipeline" by using NIG super-
computers.
@ Cloud computing based data analysis and registration support system
A cloud computing based platform towards automatic data analysis and
DDBJ sequence registration has been investigated to support molecular
biologists without bioinformatics technique.
@ Evaluation measures of genomic annotations
Manual annotations and curations of genomic sequence is time consum-
ing. Structural and functional annotations by automatic and manual pro-
cessing are evaluated by using proposed statistical methods.

Cochrane, G., Karsch-Mizrachi, |., and Nakamura, Y.; On behalf of the
International Nucleotide Sequence Database Collaboration. (2011).
The International Nucleotide Sequence Database Collaboration.
Nucleic Acids Res 39 (Database issue), D15-8.

Kaminuma, E., Kosuge, T., Kodama, Y., Aono, H., Mashima, J., Gojo-
bori, T., Sugawara, H., Ogasawara, O., Takagi, T., Okubo, K., and
Nakamura, Y. (2010). DDBJ progress report. Nucleic Acids Res. 39
(Database issue), D22-7.

Inagaki, S., Miura-Kamio, A., Nakamura, Y., Lu, F., Cui, X., Cao, X.,
Kimura, H., Saze, H., and Kakutani, T. (2010). Autocatalytic differentia-
tion of epigenetic modifications within the Arabidopsis genome. EMBO
J 20;29(20), 3496-506.

Nakao, M., Okamoto, S., Kohara, M., Fujishiro, T., Fujisawa, T., Sato,
S., Tabata, S., Kaneko, T., and Nakamura, Y. (2010). CyanoBase: the
cyanobacteria genome database update 2010. Nucleic Acids Res. 38
(Database issue), D379-381.

Kaminuma, E., Mashima, J., Kodama, Y., Gojobori, T., Ogasawara, O.,
Okubo, K., Takagi, T., and Nakamura, Y. (2010). DDBJ launches a new
archive database with analytical tools for next-generation sequence
data. Nucleic Acids Res. 38 (Database issue), D33-38.

Hakoyama, T., Niimi, K., Watanabe, H., Tabata, R., Matsubara, J., Sato,
S., Nakamura, Y., Tabata, S., Jichun, L., Matsumoto, T., Tatsumi, K.,
Nomura, M., Tajima, S., Ishizaka, M., Yano, K., Imaizumi-Anraku, H.,
Kawaguchi, M., Kouchi, H., and Suganuma N. (2009). Host plant
genome overcomes the lack of a bacterial gene for symbiotic nitrogen
fixation. Nature 462, 514-517.
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Figure - Data processing tests using Hadoop distributed environment

Center for Information Biology and DNA Data Bank of Japan

Laboratory for Research and Development of Biological Databases

Analysis for DDBJ service and feasibility Study for applying

parallel-distributed computing technology to DDBJ service

DNA Data Bank of Japan (DDBJ) has been constructing and running the
International Nucleotide Sequence Databases (INSD) for many years under
international cooperation with EMBL-Bank in Europe and Genbank in USA.
DDBJ also has been constructing and running various relevant databases as
well as the retrieval system of such databases.

Qur current concern is that the number of genome data has been grow-
ing explosively during recent years, and that starts to overwhelm the capa-
bility of existing super computers. That means we are soon facing great
difficulties in running DDBJ and relevant databases if we maintain existing
methods.

Therefore, we are now taking following measures to avoid those envi-
sioned difficulties under the plan of the replacement of DDBJ super com-
puter system which will be on March 1st, 2012.

@ Re-examination of DDBJ release service policy
We re-examine the current policy of data handling of DDBJ service. We try
to examine and reform the policy of data handling to accommodate huge,
complicated genome data.

@ Examination of current database and service system
We examine the current data flow of the service with various analyzing
methods, and try to make plans for the improvement.

® Conducting Feasibility study for applying parallel-distributed computing
technology to various services for DDBJ
We conduct feasibility study for applying new parallel-distributed (comput-
ing) software technology such as Hadoop and distributed key-value store
to release service for DDBJ. We conduct researches to handle large
DDBJ/EMBL/Genbank data in distributed cluster computer which has
elasticity for rapid data growth in bioinformatics.

Nakazato, T., Bono, H., Matsuda,H., and Takagi, T. (2009). Gendoo:
Functional profiling of gene and disease features using MeSH vocabu-
lary Nucl. Acids Res. 37(suppl 2): W166-W169

Kaminuma, E., Kosuge, T., Kodama, Y., Aono, H., Mashima, J., Gojo-
bori, T., Sugawara, H., Ogasawara, O., Takagi, T., Okubo, K., and
Nakamura, Y. (2011). DDBJ progress report Nucl. Acids Res. 39(suppl!
1): D22-D27

Kaminuma, E., Mashima, J., Kodama, Y., Gojobori, T., Ogasawara, O.,
Okubo, K., Takagi, T., and Nakamura, Y. (2010). DDBJ launches a new
archive database with analytical tools for next-generation sequence
data Nucl. Acids Res. 38(suppl 1): D33-D38

Mitsuhashi, N., Fujieda, K., Tamura, T., Kawamoto, S., Takagi, T., and
Okubo, K. (2009). BodyParts3D: 3D structure database for anatomical
concepts Nucl. Acids Res. 37(suppl 1): D782-D785
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Figure - DNA database (DDBJ/EMBL/GenBank) overview and search. This enables that the DNA
databases are browsed and searched in terms of research projects.

URL
http://lifesciencedb.jp/ddbj/
http://lifesciencedb.jp/cc/
http://lifesciencedb.jp/ag/

Knowledge discovery through

genome-wide measurements

1. Sharing and Integration of Data and Knowledge in Life Science
Science of 21 century is a discovery from digital observatory data of com-
plex phenomena. Digital literature is also one of such data. For the fair
competition of new knowledge from such data, data integration is inevita-
ble. For data integration, we have to overcome semantic, syntactic, and
pragmatic problems in science data. Being Involved in data sharing center
for DNA sequence (DDBJ) and for literature and observatory data
(DBCLS), we engineer technologies and resources which is necessary for
sharing and integration of knowledge and data.

2. Theoretical studies of gene expression evolution
Gene expression evolution has long been hypothesized to serve as a
bridge from molecular to phenotypic evolution. The advent of genome-
wide gene expression profiing techniques have prompted the studies of
this field, but some conflicts have arisen in the interpretation of the obser-
vations. Those are caused by the lack of definite theoretical models, and
instead the use of inadequate analogies of molecular evolution. Therefore,
we are constructing a theoretical model of gene expression evolution
which provides consistent explanations of the pattern in the observations.

Kaminuma, E., Kosuge, T., Kodama, Y., Aono, H., Mashima, J., Gojo-
bori, T., Sugawara, H., Ogasawara, O., Takagi, T., Okubo, K., and
Nakamura, Y. (2011).

Nucleic Acids Res. 39(Database issue),D22-27.

Ogasawara, O., and Okubo, K. (2009). On theoretical models of gene
expression evolution with random genetic drift and natural selection.
PLoS One. 4, e7943.

Kaminuma, E., Mashima, J., Kodama, Y., Gojobori, T., Ogasawara, O.,
Okubo, K., Takagi, T., and Nakamura, Y. (2010). DDBJ launches a new
archive database with analytical tools for next-generation sequence
data. Nucleic Acids Res. 38(Database issue), D33-38.

Sugawara, H., Ogasawara, O., Okubo, K., Gojobori, T., and Tatetno, Y.
(2008). DDBJ with new system and face. Nucleic Acids Res. 36(Data-
base issue), D22-24.

Hoshino, H., Uchida, T., Otsuki, T., Kawamoto, S., Okubo, K., Takeichi,
M., and Chisaka, O. (2007). Cornichon-like Protein Facilitates Secretion
of HB-EGF and Regulates Proper Development of Cranial Nerves. Mol.
Biol. Cell. 18, D1143-1152

Ogasawara, O., Otsuji, M., Watanabe, K., lizuka, T., Tamura, T., Hishiki,
T., Kawamoto, S., and Okubo, K. (2006). BodyMap-Xs: Anatomical
breakdown of 17 million animal ESTs for cross-species comparison of
gene expression. Nucleic Acid Res. 34(Database issue), D628-D631.
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Figure - (A) A Caenorhabditis elegans embryo. (B) Quantitative extraction of the cell shape. (C)
Quantitative measurement of the cytoplasmic flow. (D) Computer simulation of the centrosome
movements during cell division. (E) A proposed mechanism to move the cell nucleus.

Toward understanding design principles and

mechanical bases of the architecture of the cell

The word “cell” means “a small room”, as well as the basic structural unit of
living organisms. Just as we design the interior of our room, inside the living
cell, intracellular structures are positioned in the right place with the right size
at the right time. Our group is searching for design principles in spatial orga-
nization of cell architecture, and analyzing mechanical bases underlying such
principles. We are using the nematode Caenorhabditis elegans embryo as
a model system. In addition to molecular biology and cell biology
approaches, we exploit quantitative measurements and computer simulation
to investigate the physical bases of the construction of Cell Architecture.

Our research subjects include,

1. Intracellular positioning and morphogenesis of the nucleus and spindle

2. Dynamics and morphogenesis of the chromosomes

3. Quantitative measurement and modeling of cytoplasmic flow and cytoki-
nesis

Kimura, K., and Kimura, A. (2011). Intracellular organelles mediate
cytoplasmic pulling force for centrosome centration in the Caenorhab-
ditis elegans early embryo. Proc Natl Acad Sci USA 108, 137-142.

Hara, Y., and Kimura, A. (2009). Cell-size-dependent spindle elongation

in the Caenorhabditis elegans early embryo. Curr Biol 19, 1549-1554.

Hara, Y., and Kimura, A. (2011). Cell-size-dependent control of organ-
elle sizes during development. In Cell Cycle in Development, Kubiak, J.

Z. ed. (Heidelberg, Germany: Springer), in press

Kimura, A., and Onami, S. (2010). Modeling microtubule-mediated
forces and centrosome positioning in Caenorhabditis elegans
embryos. Methods in Cell Biology 97, 437-453.

Goshima, G., and Kimura, A. (2009). New look inside the spindle:
microtubule-dependent microtubule generation within the spindle. Curr

Opin Cell Biol 22, 44-49.

AH1BE (2010) e A XDEBEYF . £1L% 82, 302-305.
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Figure - (A) A zebrafish embryo shows coiling movements at 24 hours.(B) By 48 h, the frequency

of swimming contractions reaches over 30 Hz.(C) Mauthner cell is a huge, identifiable neuron in the
hindbrain.(D) Anti-GlyR labeling represents glycinergic synapses at the surface of a Mauthner cell.

Molecular basis of motor development and

activity-dependent synapse formation

Zebrafish is an excellent vertebrate model to study motor development.
First, all stages of development occur externally and rapidly, with early motor
behaviors seen from 17 hours postfertilization. Second, forward genetics can
be applied to identify genes that are essential for proper behaviors. Third, the
embryos are transparent, which makes them amenable for live imaging of
morphology and activity of neurons. Finally, the electrophysiological activity of
neurons can be recorded using patch-clamp methods in zebrafish embryos.
By making use of these advantages, we employ two approaches to study
motor neural circuits regulating locomotion and behavior. We recently suc-
ceeded in visualizing inhibitory synapses in live zebrafish to study synapse
formation during motor development.

1. Cloning and characterization of zebrafish mutants showing motor deficits.
2. Molecular basis of activity-dependent formation of glycinergic synapses
during motor development.

Ogino, K., Ramsden, S. L., Keib, N., Schwarz, G., Harvey, R. J., and Hirata, H.
(2011). Duplicated gephyrin genes showing distinct tissue distribution and
alternative splicing patterns mediate Moco biosynthesis, glycine receptor clus-
tering and escape behavior in zebrafish. J. Biol. Chem. 286, 806-817.

Nakano, Y., Fuijita, M., Ogino, K., Saint-Amant, L., Kinoshita, T., Oda, Y., and
Hirata, H. (2010). Biogenesis of GPl-anchored proteins is essential for surface
expression of sodium channels in zebrafish Rohon-Beard neurons to respond

to mechanosensory stimulation. Development 137, 1689-1698.

Low, S. E., Ryan, J., Sprague, S. M,, Hirata, H., Cui, W. W., Zhou, W., Hume, R.
I, Kuwada, J. Y., and Saint-Amant, L. (2010). touché is required for touch-
evoked generator potentials within vertebrate sensory neurons. J. Neurosci.
30, 9359-9367.

Low, S. E., Zhou, W., Choong, X., Saint-Amant, L., Sprague, S. M., Hirata, H.,
Cui, W. W.,, Hume, R. |., and Kuwada, J. Y. (2010). NaV1.6a is required for
normal activation of motor circuits normally excited by tactile stimulation. Dev
Neurobiol. 70, 508-522.
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Figure - Schematic illustration of the AID system.

(A) Structure of a natural auxin, indole-3-acetic acid (IAA), and a synthetic auxin, 1-naphthale-
neacetic acid (NAA). (B) The auxin degradation pathway in plants. AUX/IAA inhibitors bind to
ARF transcriptional activators at the gene promoters controlled by auxin. In the presence of
auxin, AUX/IAAs are degraded resulting activation of the genes. (C) Auxin binds to TIR1 which in
turn promotes the interaction between TIR1 and the aid degron of the target protein. SCFTIR1
acts as an E3 ubiquitin ligase to recruit an E2 ligase resulting poly-ubuquitylation of the aid degron.
Finally, the target is degraded by the proteasome.

Toward a new field of genetics of

vertablate cells.

The goal of our research is to create a new field of genetics of vertablate
cells by appling new technologies and, at the same time, to undersatand the
role of proteins involved in the events relating to chromosome repliaction.
We have developed a new method named the AID (auxin inducible degron)
system that allow to control the expression of proteins in an auxin depen-
dent manner by transplanting a plant-specific degradation pathway. It is
now possible to make DT40 cell lines in which the expression of target pro-
teins can be induced for dedradation within 1hour after addition of auxin by
using this technology. Our current projects are as follows.

® Characterization of higher eukaryotic proteins involved in chromosome
replication using AID condtional cell lines.

@ Improvement of the AID method and development of other deron tech-
nologies.

® Development of genome manulation methods for the construction of
mutant cell lines.

Kanke, M., Nishimura, K., Kanemaki, M., Kakimoto, T., Takahashi, T.S., Naka-
gawa, T.,, and Masukata, H. (2011). Auxin-inducible protein depletion system in
fission yeast. BMC Cell Biol 12, 8.

Renshaw, M.J., Ward, J.J., Kanemaki, M., Natsume, K., Nedelec, F.J., and
Tanaka, T.U. (2010). Condensins promote chromosome recoiling during early

anaphase to complete sister chromatid separation. Dev Cell 19, 232-244.

Nishimura, K., Fukagawa, T., Takisawa, H., Kakimoto, T., and Kanemaki, M.
(2009). An auxin-based degron system for the rapid depletion of proteins in
nonplant cells. Nat Methods 6, 917-922.

Kanemaki, M., and Labib, K. (2006). Distinct roles for Sld3 and GINS during
establishment and progression of eukaryotic DNA replication forks. EMBO J
25, 1753-1763.

Gambus, A., Jones, R.C., Sanchez-Diaz, A., Kanemaki, M., van Deursen, F.,
Edmondson, R.D., and Labib, K. (2006). GINS maintains association of Cdc45
with MCM in replisome progression complexes at eukaryotic DNA replication
forks. Nat Cell Biol 8, 358-366.
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Figure - (A)Spontaneous pattern formation supported by the relay of chemotactic signaling. (B)

Spatio-temporal pattern of the intercellular signaling visualized by the ultra-sensitive Ca2+ indica-
tor. (C)Killer experiments guided by mathematical modeling for the model validation.

Toward system-level understanding of self-

organized pattern formation

One of the central questions in developmental biology is how the cellular

society built-up coordinated patterns in its structures and functions even

from disorganized initial conditions. To elucidate principles in developmental

pattern formation, we focused on the self-organized pattern formation in the

population of social amoeba, where the 1015 of cells spontaneously gener-

ate well-organized aggregation streams in the form of traveling waves. Here,

we examine the constructive role of the stochasticity in gene expression and

cellular functions by employing interdisciplinary approaches.

1.Making high-performance Bio-probes which allow the sensitive detection
of cellular states (Experimental approach)

2.Perform multiscale modeling incorporating quantitative data of intra-/inter-
cellular signaling dynamics in the population of 1015 cells with the single
cell resolution (Mathematical approach)

3.Conduct killer experiments guided by mathematical predictions with aiming
to elucidate the constructive role of noise in the self-organized pattern for-
mation. (Interdisciplinary approaches)

Horikawa, K., Yamada, Y., Matsuda, T., Kobayashi, K., Hashimoto, M., Matsu-
ura, T,, Miyawaki, A., Michikawa, T., Mikoshiba, K., Nagai, T. (2010). Spontane-
ous network activity visualized by ultrasensitive Ca2+ indicators, yellow Came-
leon-Nano. Nature Methods 7, 729-732.
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Figure - Reminiscent of their cyanobacterial (A) ancestor, chloroplasts replicate by binary division

(B, unicellular alga; C land plant cells). Chloroplast division is performed by the division ring (D)
which involves cyanobacterial FtsZ and eukaryotic dynamin (E).

Coordinating mechanisms of eukaryotic cell

and organelle/endosymbiont proliferation

Mitochondria and chloroplasts are energy-converting organelles in
eukaryotic cells. Both originated more than one bilion years ago when bac-
terial cells were engulfed by primitive eukaryotic cells. Besides these organ-
elles, there are many examples of endosymbioses which have integrated
new functions into host cells. In order to maintain a permanent endosymbi-
otic relationship, endosymbionts/organelles must be replicated and inherited
into each daughter cell during host cell division. We have shown that chloro-
plasts and mitochondria use similar division systems, both of which are
derived from the ancestral bacterial endosymbionts and the eukaryotic host.

The major goal of our study is to understand how two different cells are
integrated into a new cell by coordinated proliferation of a host and an
endosymbiotic cell. To this end, we are investigating (1) how eukaryotic host
cells regulate proliferation of organelles/endosymbionts, (2) how activities of
organelles/endosymbionts affect proliferation of the host cells, and (3) how
these systems have evolved and contributed to eukaryotic evolution.

Miyagishima, S., and Kabeya, Y. (2010). Chloroplast division: squeezing the
photosynthetic captive. Curr. Opin. Microbiol. 13, 738-746.

Suzuki, K., and Miyagishima, S. (2010). Eukaryotic and eubacterial contributions
to the establishment of plastid proteome estimated by large-scale phylogenetic
analyses. Mol. Biol. Evol. 27, 581-590.

The International Aphid Genomics Consortium (2010). Genome sequence of

the pea aphid Acyrthosiphon pisum. PLoS Biol. 8, e1000313.

Okazaki, K., Kabeya, Y., Suzuki, K., Mori, T., Ichikawa, T., Matsui, M., Nakanishi,
H., and Miyagishima, S. (2009). The PDV1 and PDV2 components of the chlo-
roplast division machinery determine the rate of chloroplast division in land
plant cell differentiation. Plant Cell 21, 1769-1780.

Nakanishi, H., Suzuki, K., Kabeya, Y., and Miyagishima, S. (2009). The plant-
specific protein MCD1 determines the site of chloroplast division in concert with
bacteria-derived MinD. Curr. Biol. 19, 151-156.

Miyagishima, S., Kuwayama, H., Urushihara, H., and Nakanishi, H. (2008). Evo-
lutionary linkage between eukaryotic cytokinesis and chloroplast division by
dynamin proteins. Proc. Natl. Acad. Sci. USA. 105, 15202-15207.
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Figure - (A) Two Japanese marine sticklebacks, stained with alizarin red. Scale bar = 1cm. (B)
Geographical isolation of the Sea of Japan during the ice age gave rise to Japan Sea stickle-
backs. In Akkeshi, Japan Sea and Pacific Ocean forms co-occur. (C) Fluorescence in situ hybrid-

ization of Japan Sea chromosome. In the Japan Sea male, LG9 and Y chromosome are fused.
Purple = LG9, green = LG19.

Genetic mechanisms of adaptation

and speciation

How are new species formed? How do animals adapt to novel environ-
ments? We investigate the genetic mechanisms underlying adaptation and
speciation using stickleback fishes as a model. Stickleback fishes have
achieved tremendous diversification during the last few million years, result-
ing in the evolution of divergent morphs. We use integrative approaches to
investigate the following topics.
@ Genetic mechanisms of speciation
We are investigating the molecular mechanisms of reproductive isolation
between sympatric morphs of sticklebacks.
® Genetic mechanisms of adaptation and phenotypic plasticity
Both genetic changes and phenotypic plasticity contribute to phenotypic
changes that occur after colonization of novel environments. We are
investigating the molecular mechanisms underlying adaptive evolution and
plastic changes.
®Mechanisms of anthropogenic evolution
Our third project is aimed at applying the knowledge of evolutionary
genetics to animal conservation and ecological management. We are
investigating the genetic and ecological mechanisms by which invasive
stickleback populations adapt to novel environments.

Kitano, J., Lema, S. C. , Luckenbach, J. A. , Mori, S., Kawagishi, Y., Kusakabe,
M., Swanson, P, and Peichel, C. L. (2010). Adaptive divergence in the thyroid
hormone signaling pathway in the stickleback radiation. Curr. Biol. 20, 2124-
2130.

Kume, M., Kitano, J., Mori, S., and Shibuya, T. (2010). Ecological divergence
and habitat isolation between two migratory forms of Japanese threespine
stickleback (Gasterosteus aculeatus). J. Evol. Biol. 23, 1436-1446

Kitano, J., Ross, J. A., Mori, S., Kume, M., Jones, F. C., Chan, Y. F, Absher, D.
M., Grimwood, J., Schmutz, J., Myers, R. M., Kingsley, D. M., and Peichel, C. L.
(2009). A role for a neo-sex chromosome in stickleback speciation. Nature 467,
1079-1083.

Kitano, J., Bolnick, D. I., Beauchamp, D. A., Mazur, M. M., Mori, S., Nakano, T.,
and Peichel, C. L. (2008). Reverse evolution of armor plates in threespine stick-
leback. Curr. Biol. 18, 769-774.

Kitano, J., Mori, S., and Peichel, C. L. (2007). Phenotypic divergence and repro-
ductive isolation between sympatric forms of Japanese threespine stickleback.
Biol. J. Linn. Soc. 91, 671-685.
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The mechanisms of centrosome duplication

The mechanisms of centrosome duplication have been a long-standing
mystery in biology. Like the genetic material, centrosome duplication must
occur once per cell cycle, such that the two resulting centrosomes assem-
ble a bipolar mitotic spindle, ensuring proper chromosome segregation. The
centrosome is composed of a pair of centrioles surrounded by pericentriolar
material. Centrioles also have the capacity to act as basal bodies that gen-
erate cilia and flagella. Despite being essential for centrosome duplication,
the mechanisms governing centriole formation remain poorly understood.

Qur laboratory mainly focuses on understanding the mechanisms of cen-
trosome duplication, with a particular emphasis on the molecular basis of
centriole formation. We are currently using the combination of innovative and
multi-disciplinary approaches including biophysics, biochemistry, structural
biology, genetics and cell biology. We are investigating the following specific
aims primarily by using C. elegans embryos and human cells as model sys-
tems.

1. Identification of new players for centriole formation

2. Analysis of centrosomal interactome network

3. In vitro reconstitution of centriole intermediates

4. Centrosome dynamics and function in the context of development

Kitagawa, D., Fliickiger, |., Polanowska, J., Keller, D., Reboul, J., and Génczy, P.
(2011) PP2A phosphatase acts upon SAS-5 to ensure centriole formation in C.
elegans embryos. Dev Cell, 20, 550-562.

Kitagawa, D., Vakonakis, I., Olieric, N., Hibert, M., Keller, D., Olieric, V., Bortfeld,
M,, Erat, M.C., Fluickiger, |., Gonczy, P, and Steinmetz, M.O. (2011) Structural
basis of the 9-fold symmetry of centrioles. Cell 144, 364-375.

Kitagawa, D., Busso, C., Fluckiger, I, and Génczy, P. (2009). Phosphorylation of
SAS-6 by ZYG-1 is critical for centriole formation in C. elegans embryos. Dev
Cell 17, 900-907.
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Figure - Molecular cytologenetic analyses of germ-cell development in rice. (A) A schematic illus-
tration of reproductive-cell development from initiation of primordial germ cells to meiosis in rice.
Top and bottom drawings indicate the cross sections of an anther lobe and the longitudinal sec-
tions of ovule primordium, respectively. Red indicates primordial germ cells, orange; meiocytes.
Beneath the pictures, reproduction-related genes that we have identified so far are shown. (B-E)
Molecular cytogenetic analses of mel2 mutant. (B, C) In situ hybridization of MEL7 gene, the
marker specific for premeiotic germ cells, to anthers at meiotic prophase I. In the wild type (B),
MEL1 expression has been downregulated, and in cotrast in the mel2 mutant (C), it has been
expressed strongly, indicating that mel2 germ cells fail to enter meiosis. (D, E) Immunofluorescent
staining of meiotic proteins for pollen mother cells at zygotene. In the wild type (D), meiotic pro-
teins PAIR2 (purple) and ZIP1 (green) are accumulated and loaded on homologous chromosomes,
and in contrast in me/2 mutant (E), both proteins fail to load normally on chromosomes. Chromo-
somes are counter-stained with DAPI.
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Molecular cytogenetics of plant

germ-cell development

Primordial germ cell is differentiated from hypodermis of stamen (male)
and pistil (female) primordia in angiosperm species. Primordial germ cells are
divided mitotically several times, and produce into meiocytes and nursery
cells. Meiosis is one of the essential events of genetics, because it generates
a new gene combination different from that of parents.

It has remained to be largely unknown how flowering plants generate and
maintain germ cells, and how they undergo meiosis. To answer these ques-
tions, we have analyzed molecular functions of genes and proteins relating
to early steps of plant germ-cell initiation, development and/or meiosis,
mainly by using mutant lines of rice, a monocotyledonous model plant.

We have also conducted the germplasm center of wild relatives and local
varieties of rice in collaboration with the Plant Genetics Lab., under the fund-
ing support of the National Bioresource Project, Japan (NBRP).

Nonomura, K. I., Eiguchi, M., Nakano, M., Takashima, K., Komeda, N.,
Fukuchi, S., Miyazaki, S., Miyao, A., Hirochika, H., and Kurata N. (2011). A
novel RNA-recognition-motifprotein is required for premeiotic G1/S-phase
transition in rice (Oryza sativa L.). PLoS Genet. 7, e1001265 (PMID:
21253568).

Yamaki, S., Nagato ,Y., Kurata, N., and Nonomura, K. I. (2011). Ovule is a
lateral organ finally differentiated from the terminating floral meristem in
rice. Dev. Biol., 357, 208-216.

Yamaki, S., Miyabayashi, T., Eiguchi, M., Kitano, H., Nonomura, K. I., and
Kurata, N. (2010). Diversity of panicle branching patterns in wild relatives
of rice. Breed. Sci. 60, 586-596.

Nonomura, K. I., Morishima, H., Miyabayashi, T., Yamaki, S., Eiguchi, M.,
Kubo, T., and Kurata, N. (2010). The wild Oryza collection in National
BioResource Project (NBRP) of Japan: History, biodiversity and utility.
Breed. Sci. 60, 502-508.

Miyazaki, S., Murata, T., Sakurai-Ozato, N., Kubo, M., Demura, T., Fukuda,
H., and Hasebe, M. (2009). ANXURT and 2, sister genes to FERONIA/
SIRENE, are male factors for coordinated fertilization. Curr. Biol. 19,
1327-1331.

Nonomura, K. I., and Yamaki, S. (2008). Genetic dissection of sexual
reproduction in rice (Oryza sativa L.). In "Rice Biology in the Genomics
Era (Hirano, H.Y et al. eds.)", Biotech. Agr. Forestry 62, 191-204.

Nonomura, K. I., Morohoshi, A., Nakano, M., Eiguchi M., Miyao A., Hiro-
chika, H., and Kurata, N. (2007). A germ cell-specific gene of ARGO-
NAUTE family is essential for the progression of premeiotic mitosis and
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Intellectual Property Unit
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SUZUKI, Mutsuaki
D. Pharm., Director
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Intellectual Property Unit

Communicate research findings at NIG

with the outer world

International competition over innovative creation is intensifying in the present
worldwide current of countries fighting for their prosperity by trying to
become leaders in the fields of intellectual property, science and technology.

Amidst this current, the strengthening of foundational research in the life
sciences is, needless to say, an absolute necessity for the development of
science and the continued production of innovation.

We take the seeds of science and technology, sometimes apply for intel-
lectual properties, sometimes manage and transfer as appropriate those
seeds as material assets, and sometimes are entrusted with them. Further-
more, in addition to making the link between fundamental research and
applicable or practical research as quickly as possible, it is also important to
establish a structure in which it is easy to proceed with fundamental
research itself.

With the immediate goal of establishing a system to effectively commu-
nicate knowledge from NIG to universities and society at large, the Intellec-
tual Property Unit is examining ways to come up with and implement strate-
gies to utilize research results produced by the Institute.

The Unit also considers it its mission to contribute to the advancement
of fundamental science by aiming to produce innovation with research
results from NIG.

Patent Patent Unexamined Patent Transfer of . : MTA
Application | Registration | Applcation Publcaton |Tecemk Registation|  L-1C€NSing Others |y s Agesren
3 7 3 5 1 7 1425

The list of 2010 Intellectual Property rights
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REREEIAS 2011.01)

MTAESF— ~FARY D TIVOZE-1REICET 2BE S~ CRMERKS 201101)
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- The 10th Anniversary of Fundamental Science and Technology Act (National
Chengchi University, Taiwan 2010.11)

RRERERAZERS RS D ATBRMTALLER S SEORER ] GRRERERIAZ
2010071)

“Intellectual Property International Conference (APPI, LES , Seoul , KOREA 2009.11)
+AUTM2009 Western Region Meeting (Vancouver , CANADA 2009.09)

SEOEIUNTT AR EERER Y T —2 (BREER KT 2009.09)

“Intellectual Property International Conference (APPI, LES, Seoul , KOREA  2008.10)
+AUTM Western region Meeting (Honolulu , USA ,2008.07)
“FRUIOFEEAS MMM EBIRTHER HRISSRAT)L  2007.12)
RBAFHMMERES 0 - HEAGREASE  2007.11)

“BAEIUNTT KRR EREE v hU— (RIEEAE  2007.09)

(EE

-COPI0RRE LAFMUABMIERINEZ L RiIFEFEEK r—FI) 125
PA41-43 2010.12)

-COPI0RE EAFHMATASER I NEC L AR (EFEEESv—F)V 11AS
P50-51 2010.11)
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NAFN)Y=RENAFT =8 ——2|5#12009)
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Target Proteins Research Program: Information Platform
http://www.tanpaku.org/
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Members at NIG

W Project Professor SUGAWARA Hideaki B Project Researcher HOMMA Keiichi

M Project Professor INVAYANAGI Takao M Project Researcher MIZUTANI Hisashi
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National BioResource Project (NBRP)

http://www.nbrp.jp/
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Studies on proteins have been accelerated by breakthroughs in technologies and IP.

analysis, and function regula-
tion using chemicals, as well
as the construction of an
information platform (IP). IP
serves as the information hub
for the program’s members,
relevant research communi-
ties, and the public. Moreover
IP has developed a suite of
tools for information retrieval
and analysis.
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The National BioResource Project (NBRP) is a national project designed and strategi-
cally established to secure biological genetic resources (bioresources) such as animals,
plants, microorganisms, cells and genetic materials. NBRP started in 2002 as a project
under “The Plan to Promote Priority Researches in The New Century” following the ini-
tiative of the Ministry of Education, Culture, Sports, Science and Technology (MEXT).
The purpose and general outline of the NBRP is to promote the collection, preservation
and provision of bioresources that support the intellectual basis of life sciences
research, and also includes developing analytical methods of genome information and
preservation technology in order to add higher value to the resources. An information
center to publish information related to bioresources was also established.

To achieve the aforementioned purpose, NBRP set up four projects including: (1) a core
facility upgrading program, (2) a genome information upgrading program, (3) a funda-

mental technology upgrad-

ing program and (4) an
. . . _' ! E = information center upgrad-
e ey ing program, all of which
II I.m . :n are promoted through
ﬂ ﬂ u E ‘ ! I ! While the number of biore-
T R T R sources was 20 at the
were added to reach the

current total of 27 biore-

coordination with each
m H . . ﬂ 27 beginning of the Project,
=3
e i}
sources.

other.
- . thereafter new bioresources
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Transdisciplinary Research Integration Center

Systems Biology of Genetic Function
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Members at NIG

M Postdoc HARUSHIMA, Yoshiaki

M Postdoc MUTO, Akira

M Project Researcher HORIUCHI, Yoko

M Project Researcher MATSUZAKI, Ayuko
M Project Researcher MOCHIZUKI, Takako

58 == M Postdoc UMEMORI, Jyuzo
o E Broctior KIVOSAWNA, e

= ostdoc , Hidenori
ﬂE\PE Fﬁ? M Postdoc KOBAYASHI, Akie
e EF M Postdoc SHAHNG, Wei-Hao
2R Z=7F M Postdoc TATSUMOTO, Shoji

BCHEES R T LR ZTTREGCEREETE.
B RS2 CRDRERICHET U R das 8
CREOFBPAN_ALEY AT AEUTIE#ET
BT EZEENELTVET ATOY 17 MCldELL
ELFMFF P SERENMRE I DEARDLUFER
ZEZEE(CAZUCECERZHICCAEY / I
EhI B EROB L FRIRSIIER. RIFAUS A DRE
RZ(EFEDZXT SHILE LR T OMRENT—5
G T ENL BRI TR BRI 5T
EMEFROBETET U > I 7ESMEL T 0/ Lt
BECIBLAIR Y MO — O DI ZEITVE T YOS
DEMIGERLT (U L) etz AP RIREITE)
I EENERIEEDRRERY AT LhELT
TR CECTOELRV EBRA FErPemalict
GO AN 2 i Y by 1) AV == DN I

MR EMR T Y —

[ Understanding Blodiversity as a System
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Figure - Development of analytical systems for revealing functional
genetics network.

Systems biology is a data-centric inter-
disciplinary study of genetics, informatics,
and statistics focusing on complex inter-
actions in biological phenomena. This
project aims to describe multi-dimen-
sional gene network systems that create
biodiversity of organisms in gene expres-
sion, morphogenesis and behavioral pat-
tern. Production of massive sequence,
gene expression and phenotypic variation
data of unique and rich genetic resources
at the National Institute of Genetics (NIG),
development of information technology at
the National Institute of Informatics (NI),
and of statistical modeling at the Institute
of Statistical Mathematics (ISM) will be
performed and be combined together to
understand complex functional genetics
network.

Transdisciplinary Research Integration Center
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Systematic Analysis for Global Environmental Change and Life on Earth (SAGE)
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http://polaris.nipr.ac.jp/~EAGLE/index.html
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Members at NIG

W Project Assoc. Prof. YANAGIHARA, Katsuhiko Il Project Researcher KAGOSHIMA, Hiroshi

W Project Assoc. Prof. BABA, Tomoya
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Figure - [Left] Bacteria Pseudomonas sp. isolated from “Moss Pillar”, ecosystem
on bottom of an Antarctic lake. [Right] Desiccation tolerant Antarctic nematode
Plectus murrayi.

The interaction between life and the surrounding
environment should have great impact on the
evolution and diversity of life. “Systematic Analy-
sis for Global Environmental Change and Life on
Earth (SAGE)” project integrates researches on
geoscience, bioscience and informatics in order
to understand the life system on the earth. The
Transdisdisciplinary Research Integration Center
is responsible for SAGE project, collaborating
with National Institute of Polar Research, the
National Institute of Genetics, the Institute of
Statistical Mathematics and the National Insti-
tute of Informatics, and several universities. We
are currently approaching functional analysis of
adaptation mechanisms to cold and dry envi-
ronment, using microorganisms and nematodes
isolated from Antactica.




DNA Data Bank of Japan (DDBJ)
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Sequence Read Archive (SRA). Bt M EBI D

Europian Read Archive (ERA) & DEEHHREEHIDD & FHHEH DDBJ Read
Archive (DRA; http://trace.ddbj.nig.ac.jo/dra/) =35 EIF FHE—4 > HH
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- Nucleotide sequence submission - Data for EST, WGS, MGA and genome sequences
http://sakura.ddbj.nig.ac.jp/top-e.html http://www.ddbj.nig.ac.jp/sub/mss_flow-e.html

. Raw Read Data

M Short Read Archive
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Activity of the DNA Data Bank of Japan

DNA Data Bank of Japan (DDBJ) began DNA data bank activities in earnest in
1986 at the National Institute of Genetics (NIG) with the endorsement of the Min-
istry of Education, Science, Sport and Culture. From the beginning, DDBJ has
been functioning as one of the International Nucleotide Sequence databases,
which are composed of the EMBL-Bank in Europe and GenBank in the USA as
the two other partners. DDBJ now located at the Center for Information Biology
and DNA Data Bank of Japan (CIB-DDBJ) at NIG is the sole DNA data Bank in
Japan, which is officially certified to collect DNA sequences from researchers and
to issue the internationally recognized acces-sion number to data submitters.
Since we exchange the collected data with the EMBL Bank and GenBank on a
daily basis, the three data banks share virtually the same data at any given time.
As the massively parallel new sequencing platforms are increasingly in use huge
amounts of the raw data have been produced. To archive these raw data, DDBJ
began operating a new repository, the DDBJ Read Archive (DRA). To efficiently
accommodate the processed data as well, we have developed a new pipeline,
the DDBJ Read Annotation Pipeline that deals both with data submission and
analysis. The public biological databases at CIB-DDBJ, EBI and NCBI will together
construct world-wide archives for biological data by data sharing to accelerate
research in life sciences in the era of next generation sequencing technologies.
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2010/05/20 INSDC 23rd International Collaborators Meeting
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2010/05/21 INSDC Trace/Short Read Archive Meeting
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L u L L u L u Materials and Information Services of Genetic Resources
OEYELERIERBE TV I —TCldT5A4 7T A TV ADERARICIHEARAI RIS E @ The Center for Genetic Resource Information was established in
CEBMEIDIBERAEINE LR BT L CVET A EICRBIN TV DE 1998 aimed for collecting and providing BioResource information
s e . _ L s R . indispensable for life science study. We have constructed a variety
WDEYEIR) >0 SEEL, CNE TR BODERT —IN\— AR TRRL of resource databases and opened them to the public in collabora-
TWETFeH a0y —2X70Y 127 MNBRP £ 185:2002-2006, tion with resource centers in Japan. This center also has been play-
O 2007-201 1) DIEHR Y I—E LTEEHLTVED, ing an important role as a center of the National BioResource Proj-
- - . N =3 . . _ ect started in 2002.

OFMENFT 22 5 —CIIRBE, A 7 YDA 230V 3D/ T EDEYHEI-D @ The Genetic Strains Research Center has taken responsibility for
WWCHRA B AR R ZFARL M DB —EAZ T o VT T ELEGF developing forefront bioresources, preservation, and distribution of
R DIFH SR e RS B IS T 0w 1 DAY — ADBRE S ET — established bioresources of various organisms including E. coli,
ERBT TV TS 3FIL) A FUY—Z IOV TS Tl AR A 7. S Fioe, Mouse, and Drosophie.

. ﬁj“ o -3 . . “T - B A3 Under the NIG, laboratories outside the GSRC are also engaging in
DIIDNT BT ST ¢ vy aADHREF Y THEE U COREIL TLE T, bioresource programs such as C. elegans, Hydra and Zebrafish.
0 BEleas B o EEE | BYEEF0ts0- o aaes L) ov TR

NIG Mouse Genetic Resources Hydra Genetic Resources Zebrafish Gene trap & enhancer trap DB
www.shigen.nig.ac.jp/mouse/strain/ www.nig.ac.jp/labs/OntoGen/overall.html kawakami.lab.nig.ac.jp/

NOANA VOYF 51 NF—IR=2 | Y 7>arvwzuv—dovronagsss( | [ «x#a7—5~—2
Mouse Microsatellite DB National BioResource Project HP Integrated Rice Science Database
http://www.shigen.nig.ac.jp/mouse/mmdbj/ www.nbrp.jp www.shigen.nig.ac.jp/rice/oryzabase

BADY VAR B o EEEEPEEE s N o BN PR
Japan Mouse/Rat Strain Resources Database NIG Fly Stocks NBRP E.coli Strain
www.shigen.nig.ac.jp/mouse/jmsr/ www.shigen.nig.ac.jp/fly/nigfly/ www.shigen.nig.ac.jp/ecoli/strain/
e B R —"
Pt L Cr e o LT e

ke el

RO ARBESNP 155 B o BB e N o EEEET e
NIG Mouse Genome Database Asian Distribution Center for Segmentation Antibodies NIG Mouse Phenotype Database
molossinus.lab.nig.ac.jp/msmdb/ www.nig.ac.jp/labs/DevGen/segmentation/ molossinus.lab.nig.ac.jp/phenotype/
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PEES VRID L EEREL TOE T .20105(CIE 4~ RDISER (Indian
Institute of Science Education and Research) Pune EDHERAZT T
I 1 NEREDT=8. Girish Ratnaparkhi iz = DAZBEN S » BRYET
T SHRTELE Ufe KB4 Senthilkumar Deivasigamani & Al S&E(ERRD
2 DMDIZREE (_-HHHf [ SRS HEMRETITERE | /A [ FAEEZREr])
[CH W T A genetic screen to discover novel functions for
SUMOQylation in Drosophila melanogaster (SUMO{EDE UL WaE:
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F Ul B DB R— AR—I DI News&Topics [TA O 1
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International Collaboration : “NIG-IISER Collaboration”

0 promote scientific interactions and exchanges world wide, NIG has been sponsoring collaboration projects and international symposia. We extended an ongoing col-
laboration program with IISER (Indian Institute of Science Education and Research) Pune, by inviting a graduate student from Dr. Girish Ratnaparkhi's lab for a 3 month
collaboration project. PhD student Senthikumar Deivasigamani carried out research in two labs: the Ueda Lab (Invertebrate Genetics Laboratory) and the Shimizu Lab
(Division of Developmental Genetics) . He conducted a genetic screen to discover novel functions for SUMOylation in Drosophila, and also learned how to use Hydra as a
model organism to study behavioral biology. http://www.nig.ac.jp/newstopics/0720ISER.html

R IIRID NIG International Symposium
2010F10B1THB)ICERY ViRYI D LD RS NE U NIG International meeting was held on October 11, 2010.
W URIDLEA N B Meeting Title

[\ A AT —_R—ZDFE] “Future Perspectives of Biological Databases”

s _ W Venue

paer=| (QA A=)

W25/ ERSAREERA _ AIST Tokyo Waterfront Bio-IT Research Bilding
B ERIER O 5 — BIRE) A A IT B & ZUE W Organizer

W= EEEEATRAT  &oiEik-DOBJIMR 5 — National Institute of Genetics
WEEE Center for Information Biology and DNA Data Bank of Japan

OAmos Bairoch W Speakers -

Swiss Institute of Bioinformatics/University of Geneva, Switzerland ®Amos Bairoch;

Swiss Institute of Bicinformatics/University of Geneva, Switzerland
@ Tanya Berardini; The Carnegie Institute for Sience, USA
@Pascale Gaudet; Northwestern University, USA

OTanya Berardini
The Carnegie Institute for Sience, USA

OPascale Gaudet @®Lorna Richardson; MRC Human Genetics Unit, UK
Northwestern University, USA @ Alex Bateman; Wellcome Trust Sanger Institute, UK
OLorna Richardson @ Winston Hide; Harvard School of Public Health, USA
MRC Human Genetics Unit, UK @ Owen White; University of Maryland School of Medicine,USA

O Alex Bateman @ Yukiko Yamazaki; National Institute of Genetics, JAPAN

Wellcome Trust Sanger Institute, UK
OWinston Hide

Harvard School of Public Health, USA
OO0wen White

University of Maryland School of Medicine,USA
OYukiko Yamazaki

National Institute of Genetics, JAPAN
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NEARFTEDZ(FAN Hosting foreign scientists

K4 TH5REEEFi/E  Name / Subject title / Affiliation

BEFRE
Perpelescu Marinela

RBEADEODEEREDD FHRIBEETOENAICHITOEERDEEHA
Molecular mechanism for chromosome mis-segregation and its implication in
carcinogenesis

S FEETZRERR

Division of Molecular Genetics

BEF - EF - NAFA VT3 T A4 D ACERASNS T —IBHT—I< A=V,

S ] NI—VUA—AZE—Y3>, AVE1—% - Y2z -3 VICET MR 3 (Btritaiin

Z fEK Data analysis, data mining, pattern reorganization, and computer simulation, Division of Evolutionary Genetics
especially as applied to Genetics/Medicine/Bioinformatics

BB LTFER . CIREESES

BERARE gi’%‘g{ﬁ% Ui ai.”y%d. t{%ﬁ et d‘t”ffl?ﬁtfb ¢ information f . YR EHRE

I T ollection, conservation, distribution and sophistication of information for genetic Plant Genetios Laboratory
resources of genus Oryza

RS 1 REBECFERDOINE - 77 - RECSEBRIC

Shenton Matthew
Richard

HEYhEGIE

Collection, conservation, distribution and sophistication of information for genetic Plant Genetios Laboratory

resources of genus Oryza

FERRS EREVEGCER (KEE - MER) ORFCIER BAEEERE
R Development and utilization of prokaryotic genetic resources(E.coli) Microbial Genetics Laboratory
RS T— TR DB L BRI TS EEEERTRE
Phuc Hua Ngoc Establishment of the Data Analysis Center and Information Research & Development  Laboratory for DNA Data Analysis
o= — 4 = xem e = Fr LBl 4aniER - DDBJHREYY—
BEMRE DDBJ‘(LbIjéﬁ‘gﬁagutiﬂﬁi|ﬁ$ﬁ®xlﬂmt‘lﬁ|ﬂ<—‘§ﬂ: Contor for Information Biology and DNA Data
= B Reception and quality control of the massive submissions at DDBJ Bank of Japan
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http://www.nig.ac.jp/jimu/soken/index-j.html
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The National Institute of Genetecs (NIG) functions as the Department of Genetics of SOKENDAI
(The Graduate University for Advanced Studies) and offers graduate programs in Genetics. Those
who have a bachelor’'s degree or equivalent are eligible to apply to our 5-year PhD program. Those
with a Master’s degree (or equivalent) or two years of research experience after obtaining bachelor’s
degree can enroll in our 3-year PhD program. Highly qualified students are eligible to receive a sti-
pend from the Japanese government.

Our graduate programs provide interdisciplinary education with frequent seminars, journal clubs,
and workshops on scientific writing and presentation. NIG has about 40 research groups, each
headed by a professor or an associate professor who leads innovative research programs in a
highly interactive atmosphere.

For more information please visit the web site of our graduate program:
http://www.nig.ac.jp/jimu/soken/index-e.html



Department of Genetics, School of Life Science, SOKENDAI

SR CRZUTEAD? -

SOKENDA - B{LFEHDE

| B |

BEHHEERANDIRFREDOHEFNRZENE U T BF S
TUZDNA T ==X H% L DOSSBREVPRITIS EDBECEIR. RITiHD
HBERE. AP OERIRZZITI DICHDRENE TR D TLE
T TR MAODIAE I IL—THZNZNDT—(CEh > THHIC
s EEZ R L. 1S SNSRI FRNEFIE L CWE I o535 I
EOREMRBOTIRENCCHFERIC Ay TISATHDIEH.H
MEATITON TV SR DERNICH THBRKETH D EZERMT
TVEFETBOBUVFICA SNARR SR F(F SOKENDAIE
TEEYCESIASIHHIRTI,

| BN |

B TR BIRDERIF DTN TIURILORREZ B L THRZ
IO TCVE T BREEDEREF10OAFIERE/NIRETITOT. HEL4E
FILBEDRVERD ORE C I B IRIEOARZERE 1 Al DHEH
[F1AANTHD KEFRARZIES TIEOIEB I CEENTCHRABERIETHD
BEVAFTTHE I ADIEODDZFER F4E 1 NDHBICHTDRERE
ZERE Ul #HBE DREBF EEDOEIRZEDIEH T hy TITAEL T
W&ET,

R AIFEB DREEBHEILR

KBRS BORZEB IE
HEHRKXFRAE 87.1 1
EERz 44.2 82
=Sl 446 77
RRKZE 46.9 60
BEBERF 458 66
RESKZ 441 84
KERAZ: 448 73
TUNKRZE 447 74

ERIEE B RTHERHZRA EASEA DM (20084 1 8)

B et |

BEEERITESRZORCIED BT EERN ORITHE CENDLD.
SHISREERHEUCVE T JeE A F R EREOEREREVWORET
[FEHEFEICOIc > CEYFORGHEEDIZHR IWEEZ 2 DXH T D
CEICR O TBEAZEBDCEN TEFRT DTFREEYZ PREEYFT
[&. e-learning [C KD ERBIAERDEINR S Eam D DIEEEZ R U R
SIS T A APy a3V I BT EmBLTEZDHIPIE
HIBDHIEB TR EEERUTVE T e HEEIC R DOERE SR
XIS ERFERDICHDEREMILAMTZ FCDIF D IchDIFEFEDITD
TWET,

BIEFEROERKEI CHLBEIE LD Tl = —Z4E
HKICRMEL VLT T B 1 EOFRPUEEICKDAERAE=F—ICINA T,
ERADERIZEE =Bz Biological Symposium HERIFI90EIL

. High quality research

United under the term "Genetics", graduate students at NIG continue to
expand the frontiers of life sciences in molecular and cell biology,
development, neurosciences, evolution, structural biology and bioinformatics.
The quality of NIG research is evident from the frequent citations of papers
published from the institute and the high funding rates for our grant
proposals. NIG houses tremendous resources for basic research in life
sciences, such as the well-established DNA database (DDBJ), an extensive
collection of natural valuable and mutant strains of various model organisms,
and state of the art research equipment.

. Excellence in graduate education

Unlike most other Japanese universities that retain the "pyramid" lab
structure, professors and associate professors organize independent
research groups at NIG. Each group is small; a typical lab consists of fewer
than ten people. Thus, the ratio of faculty to students is extremely high, an
average of 1.4 faculty/student. This enables the graduate students to have
frequent and in-depth discussions with faculty—something not possible at
institutions with an undergraduate program, which must accept several
students per faculty every year, not counting undergraduate students!

. Diverse courses and frequent seminars

The Department of Genetics offers diverse courses aimed at providing in
-depth as well as basic knowledge on various fields of life sciences. For
example, in the course "Perspectives of Frontiers", students can obtain credit
by taking two short lecture series that deal with fundamental principles at the
boundary of biology and another field. Molecular and Cellular Biology and
Developmntal Biology are offered in two forms: e-learning in which you can
learn basic consepts over the internet, and courses that center on critical
reading and discussion of the primary literature. Courses on scientific
presentation and scientific writing are also offered. A large number of seminars
covering various fields of life sciences are held by NIG. About 90 "Biological
Symposia" featuring eminent scientists from all over the world are held
annually. In addition, members of NIG present their progress during the past
year at weekly "NIG Colloguia." These seminars also include an active question
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and answer session with animated discussions in which students can learn
how to discuss and debate various scientific issues. Graduate students are
invited to lunch with seminar speakers, where students have a chance to
personally talk with internationally renowned scientists. Aimost all the seminars
are given in English, and the graduate course lectures are also given in English.
Knowledge of Japanese is not required for completing the graduate program
and obtaining PhD degree.

. Team teaching

NIG has a policy that "all" faculty members should be involved in the
education of each student. As in other institutions, most research activities of
a student are done in a particular research group, headed by a thesis
advisor. However, each student in the NIG graduate program elects four
faculty members outside their own research group as members of their
"Progress Report Committee." This committee meets with the student once
per year (or more often if requested by the student) and gives advice on the
student's thesis project. Every year students will have opportunities to
present their work in poster sessions or at the NIG Colloquium, and have
discussions with the committee, as well as the audience. By providing a
friendly and stimulating environment to have in-depth discussions with
researchers in other fields, this program helps students to broaden their
views and to find breakthroughs when research is not going smoothly. It also
gives opportunity to prepare for presenting seminars at conferences.

. Close network of research groups

NIG is famous for active interactions and discussions among the in-house
researchers. Because each research group is small, many groups have joint
lab meetings with other labs, and collaborations between groups are very
common. Graduate students also actively and freely visit other research
groups to acquire new techniques and knowledge, which is another merit of
small groups. In addition to graduate students and faculty members, NIG
supports various types of researchers, such as postdoctoral fellows,
collaborative researchers and visiting scientists from abroad. Interacting and
networking with researchers with diverse levels and backgrounds is an ideal
way for students to develop broad and balanced views as mature scientists.
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BERENZ FABRESEOEGRIE N — ME 1 BRIEE N T the Department of Ba}sw B|o|ogyl——— and ai fourth dep.artment, the
VET Department of Evolutionary Studies and Biosystems, is located in

° Hayama. These four life science departments hold a joint retreat every
year for scientific interactions.
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NIG and the Department of Genetics conduct various activities to support
graduate students and enrich its graduate program.
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Students accepted to the International Graduate Program at NIG will
be nominated as candidates to receive the scholarship from the
Japanese government (MEXT fellowship). Third year students can also
apply to a “Research Fellowship for Young Scientists” grant sponsored
by JSPS. Other financial aids are also available.




Department of Genetics, School of Life Science, SOKENDAI

SR CRZUTEAD? -

MREBEICE D TIE BICHERENEIT TE L ZDRRZEINFHE
T DENOARITI SFICHEBCTKIR iR I DRENISERRVITE
BT BICHICIFZRIFE(ICDIIEVEEN T T BT SEISE CICI R
FECIEfE-KRIR-FiR I NI ZEETED LD ELFERIIHNE
BECLDREMYX B S BB PIHEAUF 2T AICKDRZE
TUEBY T =Y aVEERE HRLFBMDEHZITOCTVE I 5
HAFLITRDURLZCEBLEE W,

Scientific writing : http://www.nig.ac.jp/jimu/soken/courses/sciwri/
Scientific presentation : http://www.nig.ac.jpo/jimu/soken/courses/EfS/

Scientist must not only make new discoveries, but also communicate
new findings effectively to others. The ability to present and discuss
science in English is thus an essential skill that must be learned within
your graduate career. The Department of Genetics offers many
courses and workshops on scientific writing and presentation, including
a newly developed curriculum: English for Scientists. For details please
take a look at the following URLs:

BLFERCIEAEREPE TEZNRICRANERDA—U T
DR ZER LU CTWVE T MECDHEICHFBSNDRA R IIEEDK
NEBRDRELAF CEHEFEHIE T,

To help our graduates find jobs after obtaining their degrees, NIG
collects recruitment information for positions such as postdocs and
assistant professors and informs the graduate students and alumni
using a web page and a mailing list.
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Once you have obtained interesting results and polished your
presentation skills, it's time to show them off at international meetings.
Indeed, many NIG graduate students have been selected to present
their work as oral presentations at prestigious international conferences.
NIG students are eligible to apply to several travel funds to cover the
costs of attending international conferences.

AEFEFZEZ TNDIIN !

W =5 sorpoaEmERTOs5 L |

B CIEFERREDICDDIMEBRAZTOT S L [ ZF L TNE T,
1 EBIEEGEGCIOE AR OBR DIAG KR = —S L, <
SADTOTS L CEGHOIMREEZRAERT LN TEX I RE:
BREISETGIHD SXHESNE T,

Prospective Students!

- Undergraduate research internships at NIG

NIG offers a 10-week undergraduate research internship program for
international students who wish to gain experience in scientific lalb work.
Each intern will join ongoing research projects in a world class research
group, and will be provided with latitude as well as responsibility to conduct
“real” research, i.e. something that no one in the world has done before.
Interns also participate in various Departmental activities, such as lectures for
our graduate students, journal clubs, and seminars by outstanding
researchers in and out of NIG. Japanese lessons are also available. Stipend
will be provided to cover traveling and living expenses. If you want to find out
what it is like to do research, this is the best way to spend a summer.
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Department of Genetics, School of Life Science, SOKENDAI / Hosting scientists from other institutions

. Graduate education at NIG

Educating future generations of scientists is central to the mission of NIG.
Our undergraduate and graduate programs provide many opportunities for
students to gain scientific knowledge and experimental techniques as well as
professional skills. However, though less tanglible, we also believe that
developing the “spirit and attitude of research” is critical for young scientists.
The accomplishments of our students are perhaps the most important
testament to the success of our research and education programs. The
figure below shows some NIG graduate students and their first-authored
work recently published in top scientific journals.

Publications by NIG Graduate Students

Bursts of retrotransposition reproduced
in Arabidopsis

Sayuri Tsukahara, Akie Kobayashi, Akira Kawabe,
Olivier Mathieu, Asuka Miura and Tetsuiji Kakutani
NATURE Vol 461,71 September 2009

The RNA-binding protein NANOS2 is required
to maintain murine spermatogonial stem cells
Aiko Sada, Atsushi Suzuki, Hitomi Suzuki, and '
Yumiko Sada

SCIENCE Vol 325,11 September 2009

Spindle microtubules generate tension-dependent
changes in the distribution of inner kinetochore proteins
Aussie Suzuki, Tetsuya Hori, Tatsuya Nishino, Jiro Usukura,
Atsushi Miyagi, Kosuke Morikawa, and Tatsuo Fukagawa
J. Cell Biol. , Vol 193, 125-140 April 2011

JOARFAFTDY /L tZI v TFHUONSY
IRV VICDWC ZDEBEAEZINRL TVE T,

I'm studying the behavior of mobile retrotransposons in
Arabidopsis thaliana. It’s very interesting to see the
‘jumping” around in the genome.

IR TR EVUANILDEREDHR TR DR RZTD
CENTERREE L THIHADD ETCOREFE—
HEEOFE LI,

During 5 years, | learned a lot about science in an excellent
environment. The high level of exposure to varied research
really helped me broaden my idea and it contributed
immensely in achieving my career goal.

(2011.3 %)

HRIDERBMERPEGEDFRE DA EDREZIESRE
FOEHBORIAZERELCVE T,
I'm interested in understanding the mechanism of

chromosome segregation which plays an essential role for
the reproduction, development, and cancer.

°
(20103 %)
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BICDWVTIBN U DVD ZHIEL F UTe Eefa FEED ZFHFE SN D
AlF BB CERRATAZE B (info-soken@lab.nig.ac.jp) X T
TERELfEELY,

We have produced a DVD video to introduce the activities at the
Department of Genetics, SOKENDAI. The video includes an overview of
the graduate program and research activities at the National Institute of
Genetics. The DVD (in Japanese) can be obtained free of charge by
contacting the general affairs section (info-soken@lab.nig.ac.jp).
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NIG accepts students who belong to other graduate programs (master's
course or doctor's course) and provides research environment at the
Institute. NIG also offers ample opportunity for post-graduate education and
international exchanges. Institutionally-funded postdoc positions (NIG
postdoctoral fellow) take applications in December. One can also work at
NIG through externally-funded postdoc grants (MEXT and JSPS Programs)
or grants to individual labratory. In addition, NIG welcomes sabbatical stays
of foreign faculty. Please contact your proposed mentor/host/hostess for
details on the programs.



MAERET H/-HDENLTEH

EEZ{BtEd 2icsHDiEE) Activities for the Promotion of Research

B sscRe=r— |

ZPINICBIT DM FARZFR U FI5
IHEC.BEEERCHIMMETHEIC
FOHEXROMDETOJ LV ALR—tEL
TR S FEDMFENDEHEELTE
FRENTLET,

| IR e

SR 21T > TV EPNDIAZRE
ZE R CIBE BB ZE TVR T RN
WD EFDENEEENERRIS0E THINT
W&,

B Fzmro—gosee |

HAIHERI CBITDITED—RELT,
BF4 R LAICEMAEPFIDRR RS
BTV PTIREZ LIRS &7 E MZR
D—EZE—MRICRBRLTVE T,

| RS |

F 10 RRRZEHD AR FE S =
R U C —RENRICECF L FRER
ZFELTVET,

. NIG Colloquia

Seminars are held every Friday by researchers
at the Institute to discuss their progress during
the past year. Presentations are made not only
by the faculty, but also by fifth year graduate
students as a part of their D5 Progress Report.

. Biological Symposia

The Biological Symposium is held throughout
the year, featuring distinguished speakers in
many areas of biological sciences, from
universities and institutions worldwide.

Events

. Open House

As one of the events of the Science and
Technology Week, the National Institute of
Genetics (NIG) opens its grounds and facilities to
the public. Visitors attend exhibits, special
lectures and scientific movies, as well as enjoying
cherry blossoms in the institute campus.

. Public Lecture

Once every autumn, NIG holds a public lecture
in Tokyo, presented by its faculty.
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Activities for the Promotion of Research and Events
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The 1000th NIG colloquium Dr. Ohta Tomoko
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Biological Symposia Dr. Eric F. Wieschaus
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The Advisory Committee gives advice to the Director-General on administrative affairs including joint research programs.
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OSUMI, Noriko
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OKADA, Norihiro
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OGAWA, Tomoko
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KONDO, Shigeru
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SHINOZAKI, Kazuo
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GOJOBORI, Takashi
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KURATA, Nori

ILIFE3ZEA
YAMAO, Fumiaki
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ARAKI, Hiroyuki

RIEKF R REARIAARIZIR RGPS

Professor, Graduate School of Medicine, Tohoku University SUGANO, Sumio
RRLERZ R4 mIE T2 MR RHR BECIRER

Professor, Tokyo Institute of Technology school and Graduate school of Bioscience and Biotechnology SEKIGUCHI, Mutsuo
EFEERPRFRIZER FEHHTLH
Vice-Director, lwate College of Nursing TACHIDA, Hidenori
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Professor, Graduate School of Frontier Biosciences, Osaka University NAKAMURA, Haruki
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Director, Plant Science Center, RIKEN NISHIDA, Eisuke
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Vice-Director KAWAKAMI, Koichi Head , Department of Developmental Genetics
Bl R EENETCMFRITR R
Vice-Director SAITOU, Naruya Head , Department of Population Genetics
DFETCHIFCRM R =Ry HEB TR TR
Head , Department of Molecular Genetics KAKUTANI, Tetsuiji Head , Department of Integrated Genetics
MRS R TR T 5 WaEE LR Y —&

Head , Department of Cell Genetics

SHIROISHI, Toshihiko Head , Genetic Strains Research Center
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Professor, Graduate School of Frontier Sciences, The University of Tokyo
EEERAFEEHRIR

Adjunct Professor, Fukuoka Dental College
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Professor, Faculty of Sciences, Kyusyu University
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Professor, Institute for Protein Research, Osaka University
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Professor, Graduate School of Biostudies, Kyoto University
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OKUBO, Kousaku r: Y Iformation Biology and DNA Data Bank of Japen
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NIKI, Hironori Head , Radioisotope Center

LB 2 fEAEILIT 7R BIE

HIROMI, Yasushi Professor , Department of Developmental Genetics
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IWATSUKI, Kunio
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SAKAKI, Yoshiyuki
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TAKEICHI, Masatoshi

"—R Advisory Board

he board members give advice to the Director-General and/or the Advisory Committee regarding the principles and policies of the institute.
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Director-General, Museum of Nature and Human Activities, Hyogo
SR/EMRIERER

President, Toyohashi University of Technology
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Director, Center for Developmental Biology, RIKEN

Walter J. Gehring
Tim Hunt

John Sulston

v 9—E Eric Wieschaus

Office of Strategy Planning and Coordination . ZEENRER

Professor, Biozentrum, University of Basel
Principal Scientist, Cancer Research UK London Research Institute

Chair, Institute for Science, Ethics and Innovation,
The University of Manchester,

Professor, Princeton University
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OGASAWARA, Naotake
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KANEHISA, Minoru
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Professor, Graduate School of Biological Science, Nara Institute of Science and Technology HATTORI, Masahira
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Professor, Institute for Chemical Research, Kyoto University FUJITA, Nobuyuki
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Professor, Graduate School of Frontier Sciences, University of Tokyo
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Deputy General Manager, Department of Biotechnology, National Institute of Technology and Evaluation

71



BAREEF
SHIROKIZAWA, Yoshiko
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NAKAMURA, Haruki
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NAGAMURA, Yoshiaki

BUTHENNZRITRERE) (A A IV AT-IR-A eV 5-tEEERR
Director,Department of Planning and Management,NBDC Japan Science and Technology Agency
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Professor, Institute for Protein Research, Osaka University
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Director, National Institute of Agrobiological Sciences
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Professor, School of Biomedical Science, Tokyo Medical and Dental University
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Professor, Human Genome Center, Institute of Medical Science, University of Tokyo
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Professor, School of Law, Nihon University
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AKIYAMA, Yasuto
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Chief, Inmunotherapy Division, Shizuoka Cancer Center Research Institute
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SHIOJIRI, Nobuyoshi

BT AR EHIR

Professor, Faculty of Science, Shizuoka University
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ISA, Tadashi
fiEE—5

INABA, Kazuo
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EZURA, Hiroshi
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ENDO, Takashi
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OKUMA, Moriya
N\ERERR
OGASAWARA, Naotake
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OKADA, Kiyotaka
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OKAMOTO, Hitoshi
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OBATA, Yuichi
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KASAI, Fumie
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KANEKO, Yoshinobu
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KAMEI, Katsuhiko
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KAWASE, Makoto
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KUSABA, Makoto
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KOBAYASHI, Masatomo
R
SAKAIZUMI, Mitsuru
EBEMIL

SATO, Kazuhiro
AR —BA
SUZUKI, Kenichiro
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SERIKAWA, Tadao
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Professor, Frontier Science Research Center, Miyazaki University
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Associate Professor, Graduate School of Agriculture, Hokkaido University
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Professor, National Institute for Physiological Sciences
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Director, Shimoda Marine Research Center, Tsukuba University
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Professor, Graduate School of Life and Environmental Sciences, Tsukuba University
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Professor, Graduate School of Life and Environmental Sciences, Tsukuba University
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Professor, Graduate School of Agriculture, Kyoto University
IATBE N MR R A 4 UV -V 5 —2ER
General Manager, RIKEN BioResource Center
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Professor, Graduate School of Information Science, Nara Institute of Science and Technology
BRI B EREY 2R

Director-General, National Institute for Basic Biology
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Senior Team Leader, RIKEN Brain Science Institute
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Director, RIKEN BioResource Center
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General Manager, National Institute for Environmental Studies
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Associate Professor, Graduate School of Engineering, Osaka University
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Professor, Medical Mycology Research Center, Chiba University
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Head, National Institute of Agrobiogical Sciences
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Director, Laboratory of Plant Chromosome and Gene Stock, Graduate School of Science, Hiroshima University
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General Manager, RIKEN BioResource Center
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Professor, Faculty of Science, Niigata University
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Professor, Barley and Wild Plant Resource Center, Research Institute for Bioresources, Okayama University
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Counsellor, Department of Biotechnology, National Institute of Technology and Evaluation
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Director, Institute of Laboratory Animals, Graduate School of Medicine, Kyoto University
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Director General, Institute for Integrated Cell-Material Science, Kyoto University
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Professor, Graduate School of Science, Osaka City University
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General Manager, RIKEN BioResource Center
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Associate Professor, National Institute for Basic Biology, National Institutes of Natural Sciences
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Professor, Graduate School of Agricultural Science, Tohoku University
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Assistant Professor, Graduate School of Science, Kyushu University
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Professor, Faculty of Biology-Oriented Science and Technology, Kinki University
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Associate Professor, Graduate School of Agriculture, Kyushu University
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General Manager, RIKEN BioResource Center
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Professor, Graduate School of Science, University of Tokyo
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Professor, Graduate School of Science and Engineering, Yamaguchi University
RRAZEZHBNEERESOOBCERMAEY Y —K
Director, Fungus and Mushroom Resource and Research Center, Faculty of Agriculture, Tottori University
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General Manager, Department of Disease Bioresources Research, National Institute of Biomedical Innovation
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Director, Primate Research Institute, Kyoto University
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Director, Avian Bioscience Research Center, Graduate School of Bioagricuttural Sciences, Nagoya University
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Head Professor, School of Medicine, Tokyo Women’s Medical University
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Professor, Graduate School of Science, Nagoya University
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Special Adviser, RIKEN Bio Resource Center
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Professor, Laboratory for Amphibian Biology, Graduate School of Science, Hiroshima University
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Professor, Insitute of Resource Development and Anlysis Center for Animal Resources and Development, Kumamoto University
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Director, Drosophila Genetic Resource Center, Kyoto Institute of Technology
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General Manager, RIKEN BioResource Center
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Director, ICLAS Monitoring Center, Central Institute for Experimental Animals
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Director, RIKEN BioResource Center
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Director, Laboratory Animal Research Center, Institute of Medical Science, University of Tokyo
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Professor, Graduate School of Medical and Dental Sciences, Niigata University
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Professor, National Institute for Physiological Sciences
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Director, Institute of Laboratory Animals, Graduate School of Medicine, Kyoto University
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Head, Department of Disease Bioresources Research, National Institute of Biomedical Innovation
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Special Adviser, RIKEN Bio Resource Center
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Professor, Graduate School of Comprehensive Human Sciences, Tsukuba University
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Professor, Institute of Resource Development and Analysis Center for Animal Resources and Development, Kumamoto University
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General Manager, RIKEN BioResource Center
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Professor, Bioscience and Biotechnology Center, Nagoya University
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Professor, Faculty of Agriculture and Life Science, Hirosaki University
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Professor, Graduate School of Life and Environmental Sciences, Tsukuba University
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Professor, Graduate School of Agriculture, Kyoto University

TR FRAENA AT A T RERHE

Professor, Faculty of Agriculture, Kinki University
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Professor, Bioscience and Biotechnology Center, Nagoya University
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Director, Institute of Genetic Resource, Faculty of Agriculture, Kyusyu University
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Professor, Graduate School of Biological Science, Nara Institute of Science and Technology
RRAFRFIRRPEGRZMRRIBER

Professor, Graduate School of Agricultural and Life Sciences, Tokyo University
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Director, Genome Resource Center, Basic Research area, National Institute of Agrobiological Sciences
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Director, Basic Research area, National Institute of Agrobiological Sciences
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Professor, Bioscience and Biotechnology Center, Nagoya University
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Professor, Graduate School of Agricuture, Kyushu University
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Associate Professor, Faculty of Agriculture, Iwate University
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Professor, Pharmaceutical Sciences, Suzuka University of Medical Science
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Professor, Institute for Virus Research, Kyoto University
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Board of Director, Kazusa DNA Research Institute
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Professor, Faculty of Life Sciences, Kyoto Sangyo University
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Professor, Graduate School of Information Science, Nara Institute of Science and Technology
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Professor, Graduate School of Pharmaceutical Sciences, Kyushu University
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Professor, Medical Mycology Research Center, Chiba University
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Professor, College of Bioscience and Applied Chemistry, Hosei University
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Professor, Faculty of Science, Rikkyo University
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Professor, Faculty of Textile Science and Technology, Shinshu University
RERKRE AR B2 R SR RIR

Associate Professor, Graduate School of Medicine, Osaka University
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Director, Frontier Science Research Center, Miyazaki University
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Professor, Faculty of Life Science and Biotechnology, Fukuyama University
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Professor, National Institute for Basic Biology
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Emeritus Professor, Kyushu University
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Professor, Graduate School of Agricultural Science, Kobe University
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Emeritus Professor, Nihon University
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Professor, School of Law, Nihon University
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Director, KANAGAWA Children's Medical Center
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Special Professor, Shizuoka University
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Department of Molecular Genetics
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YAMAO, Fumiaki

W5 FEGIAZREBFY  Division of Molecular Genetics
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Prof.

Assis. Prof.

Assis. Prof.

Project Researcher
Project Researcher
Project Researcher
D5 Student SOKENDAI
D5 Student SOKENDAI

FUKAGAWA, Tatsuo
HORI, Tetsuya
NISHINO, Tatsuya
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AMAKAWA, Yuko
SUZUKI, Aussie
KAGAWA, Naoko
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BZEEGHZERFY  Division of Mutagenesis
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B % SEETERA Assis. Prof. SEINO, Hiroaki
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ARAKI, Hiroyuki

Prof.

Assis. Prof.

Project Researcher
Postdoc

D1 Student SOKENDAI
D1 Student SOKENDAI

KOBAYASHI, Takehiko
IIDA, Tetsushi
SERIZAWA, Naomi
AKAMATSU, Yufuko
TAKAHASHI, Akihiro
UNOZAWA, Eri

Prof.

Assis. Prof.

Assis. Prof.

Project Researcher
Project Researcher
Project Researcher

D4 Student SOKENDAI

ARAKI, Hiroyuki
TANAKA, Seiji
HIZUME, Kohji
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£
B &
[ERsTiE !

Ha @
RHE1
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Prof.
Assis. Prof.

Postdoc

AKASHI, Hiroshi
OSADA, Naoki

LI, Boyang

MR EGE EMZTERFY  Division of Theoretical Genetics

=R, #ZTJU L. Visiting Prof.
95-4,7YR1—-G. Visiting Prof.

HEHR
HEHR

HARTL, Daniel L.
CLARK, Andrew G.

Department of Integrated Genetics

Head

KAKUTANI, Tetsuiji

B\ fEE{GIRZEBFY  Division of Human Genetics

Prof.
Assis. Prof.

Project Researcher

INOUE, lturo
HOSOMICHI, Kazuyoshi
NAKAOKA, Hirofumi

BETEEGIZIERFY  Division of Agricultural Genetics

HWEEGHRR
WREE BEERC
B % HF_/ _F%ER
8 % me—=
¥Ifze  hEiEs
IR BERIC
By % iy <t
B % BHHHE
BR¥iEESRITEE Bl B
WA D3  FRIBES
WHAD3 12
WA D1 Rk B

Prof.

Assis. Prof.

Assis. Prof.

JSPS Research Fellow
D3 Student SOKENDAI
D3 Student SOKENDAI
D1 Student SOKENDAI

KAKUTANI, Tetsuiji
SAZE, Hidetoshi
TARUTANI, Yoshiaki
SHIMADA, Atsushi
TSUKAHARA, Sayuri
FU, Yu

HOSAKA, Aoi

M EEEERRZTEBFY  Division of Brain Function

HEHIR
B #
BLERE
[EEsTiE =]
#EER DS

EHfEDH
NEEEES
EF=TF
ERZNEISS
=HE<H5

Assoc. Prof.
Assis. Prof.
Postdoc
Postdoc

D5 Student SOKENDAI

HIRATA, Tatsumi
KAWASAKI, Takahiko
MOHRI, Akiko
SUZUKI, kuo

MITA, Sakura

WS AEGEEMIERFY  Division of Applied Genetics

Research Staff & Students

WEETFHRE Mammalian Development Laboratory
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Prof.

Assis. Prof.

Assis. Prof.
Postdoc

Postdoc

D4 Student SOKENDAI
D4 Student SOKENDAI
D3 Student SOKENDAI
D2 Student SOKENDAI
D1 Student SOKENDAI

Special joint researcher

SAGA, Yumiko
KOKUBO, Hiroki
MORIMOTO, Mitsuru
SABA, Rie

KATO, Yuzuru
TAKAGI, Keiji

GO, Sen

KOIKE, Hiroko
SAKAGUCHI, Akane
PUI, Han Pin

CHO, Bi

WY U ARFEFFRZE  Mouse Genomics Resource Laboratory

HHIR
B
BEIfRE
50K D3

N )
SIS
(2PN
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Assoc. Prof.
Assis. Prof.
Postdoc

D3 Student SOKENDAI

KOIDE, Tsuyoshi
TAKAHASHI, Aki
SUGIMOTO, Hiroki
TANAVE, Akira

W/N\EIEFERIRIRZLE  Model Fish Genomics Resource Laboratory
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[Emmiiai =]
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BHAR
HEHDD
BHTE
LIl

Assoc. Prof.
Assis. Prof.
Postdoc

Researcher

SAKAI, Noriyoshi
SHINYA, Minori
SAKAI, Chiharu
KAWASAKI, Toshihiro

WHEYEGIHAE  Plant Genetics Laboratory
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Prof.

Assis. Prof.

Project Researcher
Project Researcher
Postdoc

JSPS Research Fellow
D2 Student SOKENDAI

KURATA, Nori
KUBO, Takahiko
Wang, Zi-Xuan
SHENTON, Matthew
OTAGAKI, Shungo
TSUDA, Katsutoshi
HIRANO, Mami

EZEHR 10—, J7 /Y Visiting Prof. COLOT, Vincent
BEHR T &R Visiting Prof. TSUJI, Shaji
RREYHREE Y — Genetic Strains Research Center
tvy—k  WARRBE Head SHIROISHI, Toshihiko
WEZLEE(GIRZEZE  Mammalian Genetics Laboratory
E HaR=Z Prof. SHIROISHI, Toshihiko
By # A B Assis. Prof. TAMURA, Masaru
B % SHE1T Assis. Prof. TAKADA, Toyoyuki
BHEMERE mﬁm#%ﬂ? Project Researcher SAGAI, Tomoko
IR E KEFZHC Project Researcher  AMANO, Takanori
fapR DB Frim AR D5 Student SOKENDAI  KATAOKA, Taro

WEZEYEGIFZZE Microbial Genetics Laboratory

E {ZARRE Prof. NIKI, Hironori

[ nmicsi=] ==y N Postdoc SHIOMI, Daisuke
BTFRE  BAEK Postdoc AOKI, Keita
BIARE  HIESH Postdoc NOZAKI, Shingo
BHRE B = Postdoc CHEN, Wei
BEARE HOE Postdoc TAGUCHI, Atsuko
WESHEYEGIFFE  Invertebrate Genetics Laboratory

£ R B Prof. UEDA, Ryu

B % Pl I Assis. Prof. KONDO, Shu

-~ FEHEWS FRE ¥ Research Staff & Students @)




MARBFRS - HRE - FE

EYECERIEHRIEEZ>/ 49— Center for Genetic Resource Information

geEEr

WABE (F8) Head

SHIROISHI, Toshihiko

BRRIBEFRIAZE  Genetics Informatics Laboratory

HEIR

LIS F

Assoc. Prof.

YAMAZAKI, Yukiko

BEMETCERIERIANE  Genome Biology Laboratory

WE(TFOE8IAZRZE  Gene Network Laboratory

IR FARAHT Assoc. Prof. SUZUKI, Emiko
B % RIFHE Assis. Prof. KURUSU, Mitsuhiko
i =] II\MRBE Researcher KOBAYASHI, Yuri

HinER-DDBJRAZE 724 — Center for Information Biology and DNA Data Bank of Japan

TUI-K  KARRE Head OKUBO, Kousaku
ey IEEA Prof. KOHARA, Yji
B LEER Assis. Prof. ANDACHI, Yoshiki WEGIBERDIAZRE  Laboratory for DNA Data Analysis
RS P15 Project Researcher NOGUCHI, Kouki E FiERE = Prof. GOJOBORI, Takashi
BEWEE FARSSEH Project Researcher ~ HIRAKI, Hideaki BT tE—iE Assoc. Prof. IKEO, Kazuho
EHEIFR S HElRl0r, = Project Researcher  UETA, Yumiko e =] T, X0 TJ7% Project Researcher HUA, Ngoc-Phuc
WAk D5 RS D5 Student SOKENDAI  KONNO, Hiroyuki BEMRE EMFDF Project Researcher ~ KINJO, Sonoko
WS/ LERRRE Comparative Genomics Laboratory e | _E ors feseah relo IASAGAWE So
BHERZRE EERITA Project Researcher  SOTO, Yukuto
O %Uﬁk?ﬁ?& Prof. FUJIYAMA, Asao BtxRe  FESC Postdoc UEHARA, Shigeyuki
AR 2E H Project Assoc. Prof. TOYODA, Atsushi WA D4 A)lIEF D4 Student SOKENDAI  ISHIKAWA, Masakazu
EERE SR ENET Project Researcher  AlZU, Tomoyuki
BEMRE BlELEF Project Researcher  ISHIZAKI, Hinako BAEETBIRIARE  Genome Informatics Laboratory
e y=] TIESHE Project Researcher  EJIMA, Fumiwo % i3 AR — Prof. NAKAMURA, Yasukazu
BERRE JEMmZERE Project Researcher ~ KIYOOKA, Miho P P ariec] Assis. Prof. KAMINUMA, Eli
BHERE R ADH Project Researcher - TSUKAMOTO, Yumi BERRE BT Project Researcher NAGASAKI, Hideki
KEMERE HH B Project Researcher  YOSHIDA, Satoru BEREE  EEEE Project Researcher  FUJISAWA, Takatomo
BriAxEe =E g Postdoc SARUHASHI, Satoshi

BEELEMAEYY—

Structural Biology Center

W5 —IN—ZEFBENAZE  Laboratory for Reseach and Development of Biological Databases

I —K (F) FuAshZ Head ARAKI, Hiroyuki
B #® BARFIX Prof. TAKAGI, Toshihisa
BEAS D FHFRE  Biological Macromolecules Laboratory KRS LLIERELRR Project Researcher  YAMADA, Hiroaki
E ] HE—1& Prof. MAESHIMA, Kazuhiro BHERRE REEXR Project Researcher MUNAKATA, Yoshihisa
B % EAFREER Assis. Prof. HIRATANI, Ichiro
BEIHRE tE BB Postdoc HANAFUSA, Tomo WEGTFHRIREIAZE  Laboratory for Gene-Expression Analysis
BRZERARRNRE SR JSPS Research Fellow TAKATA, Hideaki ] KRN Prof. OKUBO, Kousaku
ihen BRTAS 3875 Ressarch Felownc  HIHARA, Saera B # iR # Assis. Prof. OGASAWARA, Osamu
R D2 EERS D2 Student SOKENDAI  YOKOMIZO, Kouiji [ =] B’ —k Project Researcher HARA, Kazuo
WX AAEBERRE  Multicellular Organization Laboratory BWDDBJ DNA Data Bark of Japan
O =z §‘ Prof. SAWA, Hitoshi HERE SEralg Project Researcher  AONO, Hideo
Bl ﬂwm zﬁfi/\ﬁ: Asslis' Prof. IHARA, Shinj-i BAEARS = B Project Researcher  LEE, Kyungbun
BERRE R EBFE Project Researcher  SOU, Shuhei IR AJPEFIR Project Researcher OKIDO, Toshihisa
#IA D3  HHEM D3 Student SOKENDAI - YOSHIDA, Naoki BAWEE SR Project Researcher  KOSUGE, Takehide
#ER D1 ERETE D1 Student SOKENDAI UEMURA, Kyohei BERRE PN Project Researcher  KODAMA, Yuichi
WD FESIARE  Biomolecular Structure Laboratory RHERAR S Project Researcher  SAKAI, Katsunaga
— e Assoe. Prof SHIRAKIHARA. Yasio BERE %_F;‘:Ffﬁ%’ Project Researcher TSUTSUI, Haru
- BE Aesic. Pror 70, Hiroshi BEREE BRI E Project Researcher FUKUDA, Asami
TR E BE = Project Researcher MASHIMA, Jun
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Center for Frontier Research

MoEREtEYY—

SRERES

Research Staff & Students

Experimental Farm

tVy—k () BHOD Head KURATA, Nori

WAAREIELRIAZIZE  Cell Architecture Laboratory

R A BE Assoc. Prof. KIMURA, Akatsuki
BrmE ANEC Postdoc KIMURA, Kenii
BERRE FiHET Project Researcher  ARAI, Ritsuko
BIMRE BREE Postdoc SUGAWARA, Takeshi
HERRE B #Bs Project Researcher HARA, Yuki

W Sne  FELEE SSrS hasarch Fellow pc. - NIWAYAMA, Ritsuya

WESHEHREEEIAZLZE Motor Neural Circuit Laboratory
HEHER THE=
BLiiRE - UHF -2

Assoc. Prof. HIRATA, Hiromi

Postdoc OGINO, Kazutoyo

W7 FHEEERRZRZE  Molecular Function Laboratory
B EERFA
BALMFERRRINS  Far s
FRREARERRS JERBAA
WHAD]  BAEN

Assoc. Prof. KANEMAKI, Masato
JSPS Research Fellow NISHIMURA, Kohei
Special joint researcher WATASE, George

D1 Student SOKENDAI  HASHIMOTO, Mizuyo

WXt RIAZE  Multicellular Society Laboratory
HEHIR Y || —#t

Assoc. Prof. HORIKAWA, Kazuki

W AHRSELIFZRZE  Symbiosis and Cell Evolution Laboratory

FHEAERIR EiEED Project Assoc. Prof. SHIN-YA, Miyagishima
BIEMRE BESUE Project Researcher KABEYA, Yukihiro

WEREERZILE  Ecological Genetics Laboratory
Begmr JkE E
ArsiEEckARE )| IFKTD

Project Assoc. Prof. KITANO, Jun
JSPS Research Fellow  ISHIKAWA, Asano

WA EY)ZETRZRE  Centrosome Biology Laboratory

LS aa=2c A A1 P i) Project Assoc. Prof. KITAGAWA, Daiju

BEHR- 71V =Tt 5—

Radioisotope Center

tUy—k G (CARRH Head NIKI, Hironori

BEiEE G8) HALNE— Head NONOMURA, Kenichi
ERIE FONE— Assoc. Prof. NONOMURA, Kenichi
B % BIFEHD Assis. Prof. MIYAZAKI, Saori
SEMRE LLARR—ER Project Researcher  YAMAKI, Shinichirou

BAZRECRITRE /\BIRE
HFEMRE e R®
WA D4 J\EFEZTER
farR D1 E R

JSPS Research Fellow

Project Researcher

D4 Student SOKENDAI
D1 Student SOKENDAI

KOMIYA, Reina
NIIHAMA, Mitsuru
ONO, Seijiro
KUM, Rise

S—1y NIV INTTRRTODS NBRTS v N T+ — L (1B5EPF)

Target Proteins Research Program: Information Platform

R ERFH
R EHIFER
RERRE AR
RERERE  KEEES

Project Prof.
Project Prof.
Project Researcher

Project Researcher

SUGAWARA, Hideaki
IWAYANAGI, Takao
HOMMA, Keiichi
MIZUTANI, Hisashi

B RStz — Transdisciplinary Research Integration Center

WETHCTHELTLND X /\—

FERR MFE=Z
FERR BEA
BIDVIONITRE P MER
BIVIIMRRE REE R
BAYINEERRE ZUa 37, FU
BATOVI MR /) \IAEEER
BRTDYIINSERRE RSB T
BATOVIOMIRE BEREE
BATOVIOMNSERRE ABRRT=

BATVIINEERRE INRERRE
BRIV BEBRE
BETDVIONETRRE YEARRS T
BATOVIMRRE BRI ES
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BATOVIMAERRE NI T
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BATOUIOMGERRE MR FET
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=z R FnAREERA

Project Assoc. Prof.

Project Assoc. Prof.

Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher

Project Researcher

Members at NIG

YANAGIHARA, Katsuhiko
BABA, Tomoya
SHANG, Wei-Hao
MUTO, Akira
KRYUKOQV, Kirill
KOBAYASHI, Akie
KISO, Ayako

GOTO, Tatsuhiko
UMEMORI, Juzoh
HASEGAWA, Kazuteru
KOZUKA, Natsumi
HARUSHIMA, Yoshiaki
HORIUCHI, Yoko
KAGOSHIMA, Hiroshi
TATSUMOTO, Shoji
MATSUZAKI, Ayuko
MOCHIZUKI, Takako
HAYASHI, Hanako

Intellectual Property Unit

Director

SUZUKI, Mutsuaki
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EHER & TR R

| | | | u u m  Staff of Administration Department and Technical Section

i Director - General 1

BR Professors 24

HERIR Associate Professors 13

B Assistant Professors 33

ZEHIE  Adjunct Professors 10

J\Et Subtotal 70 (Zﬁ&mﬁ%ﬁ%ﬁ girfeval and Adjunct on«essors)

S Administration Staffs 19

TER Technicians 13

=511 Total 102 (e e ant Adunc Prfessars) (20114481 B5HE)

EIEE  Department of Administration

BEENE General Manager EFFH R NODA, Kiyoshi

Rz HEESE Research Promotion Section

2R Manager mx % MATSUNAGA, Shigeru
HIESSS Deputy Manager  FrFHS[E NITTA, Kiyotaka

M W7 HEETF — /L Research Promotion Team

®HRE Subsection Chief  $HAEL T SUZUKI, Masatoshi
B #4575 - 205 F — L\ General Affairs / Education Team

HREGE) Subsection Chief  3HHHFE NITTA, Kiyotaka

M 3% — L Supplies Team

%“E Subsection Chief  TEAAE & UEMATSU, Masashi

M 5% 5 — /s Facilities Team

RE{PEER Management Project Section

2R Manager JEZ DN KATO, Kazuhito
BEE Deputy Manager 5 |#i5k HIKICHI, Mitsuo
M E47 - B5EF — /. Financial Affairs / Inspection Team
HREGE) Subsection Chief 3 |5k HIKICHI, Mitsuo

B )\ =575 — /L Personnel Team
®HE Subsection Chief B2 52 WATANABE, Akira

1iiE8 Technical Section

ESSIED) Deputy Chief  EHDD KURATA, Nori
BRI Assistant Chief 2B YATA, Katsunori

EnEE Animal Unit

= Unit Leader 15 HEF SAKAI, Masako
FE—IMIRE  Technical GroupLeader  T3B5LER FURUUMI, Hiroyasu
ETRIMRE  Techical GoupliLeader K GRIFE— MIZUSHINA, Yoichi
iR E Technical Staff K& i KISO, Makoto
ES i 1=] Technical Staff RFIEFEZIE MAENO, Akiteru
BT E Technical Staff T[T #HE YOSHIOKA, Hiroki
T E Technical Staff || |BEF YAMATANI, Noriko

HEY) - EEPE Plant-Microbial Unit

FE—HMRE  TechicaGouplleadr KO B EIGUCHI, Mitsugu
ETRMRER TeiclGoplleadr FAETIT  MIYABAYASHI, Toshie
ST Technical Staff IRA{LA]F  SAKAMOTO, Sachiko
WTEE Technical Staff Iy Z=ZEF  SAKA, Kimiko

#2331 Mechanical Unit
IR (GB) Unit Leader  ZHRRSH YATA, Katsunori
g Technical Staff X G&/H'1Q  OISHI, Akane

@ EIPERC FiTERENE  Staff of Administration Department and Technical Section
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AAI37E

AAI39EF
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RANA95F

RA1504F
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AF1594F
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8H10H
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9 H15H
10 1H
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48 1H
48 1H
48 1H
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108 1H
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10HA 1H
48 1H
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5H1H

48 1H
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EE— HoARUME
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RETEPMAREZRE
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BEMREZRE
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1949

1953

1954

1955

1960

1962

1964

1969

1974

1975

1976

1983

1984

1985

1987

1988

1989

1993

June 1

Aug. 10

Jan. 1

Aug. 1
July 1
Sept. 15
Oct. 1
Apr. 30
Apr. 1
Apr. 1

Apr. 1

Apr. 1
Mar. 1
Oct. 1
Oct. 1
Oct. 1

Apr. 12

Apr. 1

Jan. 12

Apr. 8

Oct. 1

Oct. 1

Apr. 1

Established under the jurisdiction of the
Ministry of Education, Science, Sports and
Culture. Started with an administrative de-
partment and three research departments.
Prof. Kan Oguma was elected the 1st Di-
rector.

Three research departments were reorga-
nized as the Departments of Morphological
Genetics, Cytological Genetics and Physi-
ological Genetics.

Department of Biochemical Genetics was
added.

Department of Applied Genetics was
added.

Department of Induced Mutation was
added.

Prof. Hitoshi Kihara was elected the 2nd
Director.

Department of Human Genetics was
added.

Department of Microbial Genetics was
added.

Department of Population Genetics was
added.

Prof. Daigoro Moriwaki was elected the 3rd
Director. Department of Molecular Biology
was added.

Plant Genetic Stock Laboratory was estab-
lished.

Dr. Yataro Tajima was elected the 4th Direc-
tor.

Animal Section was added in the Genetic
Stock Center.

Microbial Section was added in the Genetic
Stock Center.

Dr. Ei Matsunaga was elected the 5th Di-
rector.

Reorganized as an inter-university research
institute for joint use by universities. The
DNA Research Center (DNA Structure and
Recombinant DNA Laboratories) and the
Experimental Farm were established. The
Genetic Stock Research Center was ex-
panded into five laboratories: the Genetic
Resources Laboratory was added and the
Animal Section was divided into the Mam-
malian and Invertebrate Laboratories.

The DNA Synthesis and DNA Data Analysis
Laboratories were added in the DNA Re-
search Center.

The DNA Data Bank of Japan began its
operations.

The Radio-isotope Center was established.
The Gene Library Laboratory was added in
the DNA Research Center.

The Graduate University for Advanced
Studies was established. The Department
of Genetics, School of Life Science of the
University began accepting students.

Dr. Jun-ichi Tomizawa was elected the 6th
Director.

The Mammalian Development Laboratory
was added in the Genetic Stock Research
Center.

History

>~ B 2 History @
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108 1H
4H9H

48 1H

4R81H

4R81H

48 1H

12 1H

48 1H

48 1H

4R81H

EREVREMR Y Y —OuiHE)
(NOZRFAERDE  H P
WEGLIRE - RETFMAE,
A TR A D EHEETCHFTE,
KEERBM 7D FRAEYEST
MRZE, REHEBYRRHRDE
REHEYETHREDSMRE
&%)
EYECERERGEE YR
B CRIBWMRERE, £9&
CERBERMAERE)

JEEEE %7 ARRRE
BB T RICHIHAFE LR 5T
FIZsRE, fEaBECZTRICHE
BEMTSRERPIZERIE

4aiEsR - DDBJMs 5 —5%
B (LoniEminitzry—0OoHe)
(DFAEMAERE, T -5 —
AEHREMARRE, ELTHE
BREEARERE)
RREYM R T Y —(TEL T
ZRARRAEM T DB D AFRFER
RE, N\ ERERERAEZRE
DFETCITRICH) FHRIBIARE,
RREPIRR Y 5 —(CHDEE
ERE, EMECERIBRES
TV —[CHRYT ) LR E,
[NRAPAEF R E 2 5RE
REFHENAEELENBR - A
T LS ENEC A S PER
B

WNRIER H8NARRE

NP EEZRE
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FoBRSEY Y —RE
(MBREEIZNE, MHEAETE,
T EMARERE)
EEMEHEBR REFENOMR
HEERED SMFTHEER L ORER
EERICER

1994

1995

1996

1997

1998

2001

2002

2003

2004

2005

2006

2008

June 24
Apr. 1

May 11

Apr. 1

Oct. 1

Apr. 9

Apr. 1

Apr. 1

Apr. 1

Apr. 1

Dec. 1

Apr. 1

Apr. 1

Apr. 1

The Gene Function Research Laboratory
was added in the DNA Research Center.
The Center for Information Biology was
established.

The DNA Research Center was reorga-
nized as the Structural Biology Center con-
sisting of 5 laboratories (Biological Macro-
molecules, Molecular Biomechanism, Mullti-
cellular Organization, Biomolecular Struc-
ture and Gene Network).

The Genetic Stock Research Center was
reorganized as the Genetic Strains Re-
search Center consisting of 5 laboratories
(Mammalian Genetics, Mammalian Devel-
opment, Plant Genetics, Microbial Genetics
and Invertebrate Genetics), and as the
Center for Genetic Resource Information
consisting of 2 laboratories (Genetic Infor-
matics and Genetic Resources).

Dr. Yoshiki Hotta was elected the 7th Direc-
tor.

The Division of Early Embryogenesis was
added in the Department of Developmental
Genetics. The Division of Brain Function
was added in the Department of Integrated
Genetics.

The Center for Information Biology was re-
organized as the Center for Information Bi-
ology and DNA Data Bank of Japan. The
new center consists of 5 laboratories. The
Laboratory of Molecular Classification of
the former center was renamed as the
Laboratory for Research and Development
of Biological Databases in the new center.
The Laboratory for Gene-Expression Anal-
ysis was added in the new center.

Two laboratories, Mouse Genomics Re-
source Laboratory and Model Fish Genom-
ics Resource Laboratory, were added to
the Genetic Strains Research Center.

The Molecular Mechanisms was added to
the molecular Genetics. The Laboratry for
Frontier Research was added to the Ge-
netic Strains Research Center. Two labora-
tories, Comparative Genomics Laboratory
and Publicity and Intellectual Propery Unit,
were added to the Center for Genetic Re-
source Information.

Reorganized as Research Organization of
Information and Systems, Inter-University
Research Institute Corporation, together
with three other national institutes.

Dr. Yuiji Kohara was elected the 8th Director.
Intellectual Property Unit was added. Re-
search Promotion Section was added in
the Department of Administration.

The Center for Frontier Research was es-
tablished. The Laboratory for Cell Lineage,
Neural Morphogenesis and Cell Architec-
ture was added in the new center.

General Affairs Section, Finance Section,
and Research Promotion Section were re-
organized into Research Promotion Section
and Management Project Section in the
Department of Administration.

History



FHR/AHFRAREHDE

u u L L L u u u Budget / Grant-in-Aid for Scientific Research
¥ H Budget

ER23FE  (FY2011) (x1,000yen)
A Revenue
X5 S X5 .t
BEENE 2,922,961 BEMERE 2,936,785
HEEFINA 382,290 S 382,290
MEIA 13,824 EFEHEFMAREBNUSHNEERES 1,419,014
EPEIEEMRINA N O SR INAZE 1,419,014 A&t 4,738,089
Bt 4,738,089

MU 0.3%
HWEEHFINA 8.1% T liﬁﬁﬂ%% 8.1%

FEEFE ISR EFEEEMRRE HEMARE
RUBEMZINAZE BEAERME RUSNEERES 22@%
29.9% 61.7% 29.9%

Rz EMB)E Grant-in-Aid for Scientific Research
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As the central institute to study various aspects of genetics, the National
Institute of Genetics (NIG) positively accepts collaborative research
between NIG and universities or other institutes. In order to offer collab-
orative research opportunities to researchers, NIG has been conducting
“Collaborative Research” and “Research Meeting” between researchers
inside and outside of NIG.

As shown in the next page, many collaborative researches are held every
year. In 2010, 99 Collaborative Researches and 11 Research Meetings
have been held and achieved excellent results.

. Collaborative Research

Based on the application from researchers outside NIG, NIG researchers
collaborate with them for conducting the research on the subject of
application. The following two categories are solicited for Collaborative
Research: [A] and [B]. In Collaborative Research [A], travel and accommo-
dation expenses are provided to visit NIG for conducting discussion and
experiment. In Collaborative Research [B], travel, accommodation and
research expenses are provided.
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In group-housed mice, individual variability in the stress
response was observed. Therefore, we established a
method to distinguish individual mice in the group during the
dark phase. Now we are investigating behavioral phenotype
in social stressed mice.
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. Research Meetings

Based on the application from researcher outside of NIG, Research
Meetings in small groups are held to exchange information. In each
meeting, researchers actively discuss their subject.
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. Philosophy and Concept

Science today is experiencing a revolution characterized by the
remarkable progress in experimental as well as computing technologies that
enable us to produce and handle a large amount of data. This is best
exemplified in genome science, but is also true in other fields such as earth,
environmental and social sciences. The Research Organization of
Information and Systems (ROIS) is established to promote research activities
of the inter-university collaborative institutes by integrating their effort to
create new paradigms along this current scientific trend. Each of the four
institutes has its own history and research activities, but they are selected
not because they are specialized in closely related fields, but they
complement each other for future research development.

Through the interdisciplinary cooperation, we will be able to create new
paradigms that conform to the current science revolution. In order to explore
the new vistas in ROIS, we organized “Transdisciplinary Research Integration
Center (TRIC)” where collaborative and integrative research projects are
promoted. For the first term, we would like to place emphasis on biological
information, earth and environmental information and basis of informatics
and inference. We would like to expand our activities to other systems, in the
future. By doing so, we hope to go far beyond the original discipline of each
institute, and to enhance our role as inter-university collaborative research
institutes.
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Director- | _ I
General [ Research Centers and Divisions

Executive | . , Administration Department
T President Management Council
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| Intellectual Manager of Administration Department
Property Center Finances
National Institute of Genetics
. Administration _ Executive Manager of o _~Administrative Council
Office Secretary Facilities 8';2:2{' T Research Centers and Divisions
Administration Department
. Planning Manager of
Division Planning _ Transdisciplinary Research

Integration Center

— Database Center for Life Science
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Symbol mark of the Institute, which designs the
metaphase plate of the first meiotic division and
symbolizes the remark by Dr. Hitoshi Kihara (1946):
“The history of the earth is recorded in the layers of
its crust; the history of all organisms is inscribed in
the chromosomes.”
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